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COMMUNICATIONS 


DEGENERATIONS OF THE DOG RETINA* 


I. STRUCTURE AND DEVELOPMENT OF THE 
RETINA OF THE NORMAL DOG 


BY 
H. B. PARRY 
Animal Health Trust, Kennett, Newmarket, Suffolk 


DuRING the course of an investigation to define and control an hereditary 
form of generalized progressive retinal atrophy (hereditary degeneration of 
the retina) in dogs of the Red Irish Setter breed (Hodgman, Parry, Rasbridge 
and Steel, 1949; Parry, 1951), certain other syndromes of retinal de- 
generation were encountered. In an attempt to define these syndromes 
clinically and histologically it became necessary to review our knowledge of 
the structure of the retina of the normal dog and its variation with breed 
and age. 

Johnson (1901) recorded ophthalmoscopic observations on the fundi of 
Canidae amongst the many different genera he investigated, and Gray (see 
Nicolas, 1925) has recorded clinical observations on the dog. Detailed studies 
of the morphology of the dog retina go back to the classical papers of Schultze 
(1866) and Ramon y Cajal (1894), who referred to the dog inter alia, and 
Ziirn (1902) examined the retinae of various breeds hunting by sound and by 
sight. In view of differences of histological technique, it seemed desirable 
to extend these observations and to correlate them with additional clinical 
and electro-physiologica] data. 


Material and Methods 


Animals.—The dogs were forty Red Irish Setters, twenty-two Greyhounds, five 
Border Collies, three Fox Terriers, a Foxhound, a Yellow Labrador Retriever, an 
Airedale, a Bulldog, a Poodle, and four Mongrels. They were studied clinically 
and at autopsy. Their ages varied from birth to 6 years. The age of the sucking 
puppies, i.e. until they are weaned approximately 6 weeks after birth or about 
105 days after conception (gestation is about 63 days), is given in days after con- 
ception (post-conception age); thereafter the age was calculated as from birth 
(post-natal age). 32 pups from six litters of various breeds were examined fully. 

Management.—The dogs were housed in isolated kennels at the research station 
under close supervision. The majority were born and reared in the kennels. 
They were fed a mash of cooked whalemeat and horse flesh which was used to 
Steep a finely ground cereal mixture comprising oats 8 parts, wheat 2 parts, barley 
2 parts, dredge corn, containing peas, beans and vetches, 1 part, or lucerne meal 
1 part, to which small quantities of blood fibrinogen, whey concentrate, and bone 
meal were added. Cod liver oil of tested vitamin A and D potency was fed to 
the young pups and brood bitches. ; 
ir * Received for publication March 6, 1953. 
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The brood bitches in oestrus were kept in isolated runs to reduce as far as possible 
the chances of promiscuous matings; they were mated on two occasions at an 
interval of 48 hrs. The post-conception age of the pups was calculated from 
the date of the first mating. 

A careful watch was kept for evidence of the common virus infections. Carré’s 
or Laidlaw-Dunkin distemper, now termed distemper-complex (Mansi, 1951), was 
not present, but canine virus hepatitis was endemic in the kennels (Parry and 
Larin, 1951). As far as we know at present, this infection, which is widespread 
as a clinically inapparent infection in dogs | in Western Europe, is not responsible 
for retinal disorder. 

Clinical Examination of the Eye.-—The dogs were examined with a Lister-Morton 
ophthalmoscope in a darkened room, usually without mydriatic medication. The 
pupil diameter was measured with a ruler when maximum constriction to the 
focused ophthalmoscope light was obtained; it varied rather widely with the 
direction of the light beam, but in most animals it was greatest when light fell 
on or about the area centralis. The reading, recorded as the ratio in millimetres 
of the diameter of the pupil to the outer diameter of the iris, is termed the 
average pupil size. 

The light-dark and dark-light pupillary reactions were recorded as brisk (++), 
sluggish (+) and absent (0). The response of eyelid closure to the approach of 
some potentially dangerous object (the eye preservation reflex) was tested by 
moving a hand towards the eye in such a manner that as little air movement as 
possible was created and without touching the long eyelashes. The lens and media 
were examined with a finely focused light beam and a + 12D lens; the fundus was 
usually in focus with a —1 to —3D lens. 

It was thought that immobilization of the dog under light anaesthesia might be 
an advantage. Some animals were anaesthetized lightly with ether, nitrous- 
oxygen, or trilene; ether proved the most satisfactory agent. However, it was 
noted that with the onset of Stage 3 ether anaesthesia, the calibre of the blood 
vessels of the optic papilla increased very markedly, so that a papilla which was 
originally a pale pink in colour would become brick red. As the colour of the 
papilla is of some importance as a diagnostic criterion, the development of this 
vasodilatation, as well as the interference with the pupillary light reflexes, rendered 
examination of the fundus under ether anaesthesia unsatisfactory. 

Vision Tests.—These were carried out by day and night in observation runs with 
numerous obstacles in positions with which the dogs were not familiar. It was 
found to be important that the obstacles should be free of rattles and odours 
which would serve to identify their position, for a dog with defective vision comes 
to rely very much on hearing and smell. The degree of vision defect was 
assessed roughly from 0 to 5, representing the range from normal vision to com- 
plete blindness. This assessment was written as 0/5 to 5/5, a completely day- 
blind dog being said to have a day vision defect of 5/5. Where night vision was 
tested, the night vision defect was expressed in a similar way. 

Electroretinography.—In some of the dogs, recordings of the electroretinogram 
were made by a team in collaboration as described previously (Parry, Tansley, 
and Thomson, 1951; 1953). Wherever possible this was done shortly before 
death, usually between 4 and 16 hrs, occasionally up to 5 days, so that the clinical 
and histological findings might be correlated with the electrophysiological data. 
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Autopsy and Technique of Intra-vital Fixation—The majority of the dogs were 
killed under deep pentobarbital sodium anaesthesia in daylight. The two carotid 
arteries were canulated cranialwards and both jugular veins severed. Physiological 
saline or Ringer’s solution, with a small quantity of sodium nitrite added (oc- 
casionally 2-5 per cent. gum acacia and heparin have also been added) and warmed 
to about 35-37° C., was pumped gently with the aid of a light rubber bellows 
through the head until the blood from the jugular veins was obviously diluted; 
this usually took 1-2 minutes and required 50 to 250 ml. solution, approximately 
10-20 ml./kg. bodyweight. The saline solution was then discontinued and the 
fixative similarly warmed was pumped through until it flowed freely from the 
jugular veins. The colour changes of the base of the tongue were a good guide 
to the penetration of the fixative. The animal died immediately; the eyeballs 
were removed at once and placed in the fixative. In a few eyes removed some 
hours after death from natural causes and with reduced intra-ocular tension, a 
small amount of fixative, usually 0-2 to 0-5 ml., was injected through a fine needle 
inserted into the vitreous body, either at the corneal-scleral junction or through 
the optic nerve head. The brain and optic nerves were dissected out carefully 
and examined closely for macroscopic abnormalities. The optic nerves were 
examined particularly for signs of hypoplasia, either congenital (Saunders, 1952) 
or associated with stenosis of the optic canals (Mellanby, 1943). None was 
observed in any dog. The brain, after further fixation in 10 per cent. neutral formol 
saline for a week or longer, was examined macroscopically after being cut in 
ten standard coronal planes. No macroscopic lesion of the optic pathway or 
visual cortex was observed. In a few cases the brains were also examined 
histologically to establish the absence of significant microscopic lesions. 

Histology—The fixatives used were 10 per cent. neutral formol saline 
(pH 7-2-7-4), Zenker, Susa, and Wall’s modification of Kolmer’s fluid for both 
warm-blooded and cold-blooded animals (Walls, 1938). The last gave by 
far the most satisfactory preparations, particularly after intravital fixation, and 
we adopted it as our standard method. Formol saline did not give good cytological 
detail. Fixation after death was always associated with pyknosis of nuclei and 
other changes not observed in properly fixed preparations. 

After fixing for one week, the eyeballs were usually cut open vertically (a piece 
of cotton was inserted at the mid-dorsal point at autopsy) using a sharp safety 
razor blade applied first at the optic nerve head. Occasionally eyes were 
cut horizontally and at various intermediate positions. The eyes were examined 
for macroscopic abnormalities, the lenses removed, and the half-eyes embedded. 
In a small series the portions containing the area centralis were cut serially at 20 u. 

The early material was embedded in gelatin and cut frozen after the method 
of Oakley (1937), but this gave unsatisfactory preparations and was discontinued. 
The later material was embedded mostly in paraffin, occasionally in celloidin, and 
cut at5to8 uw. Thesections were stained by Weigert’s haematoxylin and eosin (after 
Kolmer’s fixatives the nuclei do not stain well with Ehrlich’s haematoxylin), 
Heidenhain’s iron haematoxylin counterstained with aniline blue and orange G., 
Mallory’s phosphotungstic acid, the azo-carmine (azan), and Feulgen’s methods. 
In addition a small number of sections were stained by Weil’s, Nissl’s methylene 
blue, Holmes’ silver impregnation, and the gallocyanin (Einarson, 1951) methods. 
The following accounts are based on intravitally fixed material using Wall’s 
modification of Kolmer’s cold-blooded fixative and paraffin embedding. The 
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measurements of these sections, although given in y, are only intended as an 
approximate measurement to give a guide to the relative sizes, since the changes 
due to shrinkage and distortion during fixation are not known accurately (e.g. 
the diameters of erythrocytes in the blood vessels of this material were only 
4-5-5-0 u instead of the normal 6-5-7:0 u of fresh dog erythrocytes in ‘air-dried 
films). The anatomical terminology follows Polyak (1941). 

Criteria of Normality—The medical histories of all dogs were carefully kept. 
Only dogs without clinical evidence of eye lesions or defects of vision were used. 
Wherever possible the electroretinogram (ERG) was. taken and only animals 
with normal b- and slow secondary waves were regarded as normal (Parry, Tansley 
and Thomson, 1951). If there was the possibility of the dog’s having been 
exposed to distemper, the animal was examined for any neurological defects 
suggesting that the infection ‘had affected the nervous system. Similarly, 
careful attention was paid to the diet to rule out the nutritional disturbance of 
vision associated with inadequate vitamin A intake, which may affect the rods 
and cones (Tansley, 1933b; Johnson, 1939, 1943; Andersen and Hart, 1943), or 
cause stenosis of the optic canal (Moore and others, 1935; Hart and Guilbert, 
1937), a syndrome reported in the dog by Mellanby (1943). 


Results 
(1) FUNDUS AND RETINA OF THE ADULT DoG 


(a) Clinical Data.—The fundus of the dog differs from that of man in the 
presence of a tapetum lucidum and a heavily pigmented choroid, as well as in 
the absence of a macula or fovea. It can be divided conveniently into two 
portions: the tapetal fundus in the dorsal quadrants backed by the brightly 
reflecting tapetum lucidum, and the non-tapetal fundus dark with choroidal 
pigment in the ventral quadrants» The tapetal fundus is half-moon-shaped, 
occupying most of the dorsal quadrants, but not extending to the periphery 
of the fundus, where it is surrounded by a narrow zone of non-tapetal fundus 
approximately 1/20th of the diameter of the eye-ball. 


The colour of the tapetal reflection by direct retinoscopy varies from a light 
lemon yellow through orange to a deep apple green, in many dogs the 
different colours producing an effect not unlike a painting by Monet. 
The greyhounds and terriers have a predominantly yellow-green reflection, 
while the Irish Setters have, in addition, a conspicuous orange component, 
which in certain families is a deep orange-red. In some breeds, such as 
pointers, the colour of the reflection appears to be inherited with certain 
coat colours (e.g., liver coat colour and a light orange brown tapetum), but 
in most breeds this association is not very distinct, although in one tricolour 
bulldog the tapetal reflection was a light blue-grey with violet towards the 
periphery of the tapetum. 


Over the tapetal fundus, the retina appears to be fully translucent without 
refractive distortion and its surface is flat, but the substance of the fundus 
appears to have a definite texture of fine granular beading, which becomes 
slightly coarser towards the periphery. Between the beading is a very fine 
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reticulum of dark triangular spaces, the stellullae of Winslow. The granular 
beading is most marked in adolescent dogs; in some animals over 2 
years old the texture of the granular beading is so fine that it appears to be 
even. A single group of primary dorsal retinal blood vessels arises from the 
central retinal artery and vein and passes dorsally from the disc, where it 
gives rise to numerous secondary branches which ramify upwards and out- 
wards as sharply defined thin-walled vessels lying on or just within the surface 
layers of the retina. No macula was observed; the area centralis is only 
detectable by a slight reduction in the density of the secondary blood vessels 
over a portion of the tapetal fundus, dorsal and temporal to the disc. At 
the periphery of the tapetal fundus the tapetum becomes irregular with areas 
of dark non-tapetal fundus interposed; occasionally similar areas free of 
tapetum occur in the mid-tapetal fundus. 


The non-tapetal fundus is a deep nigger-brown colour, due to the choroidal 
pigment, with a slight grey over-wash. The granular texture is not so well 
marked in this region. The blood vessels arising from the two main medial 
and lateral horizontal retinal vessels are more numerous over the ventral non- 
tapetal fundus than over the tapetal fundus and by direct retinoscopy the 
larger vessels reflect the light from their surface, producing a thin regular 
“ silver wiring ”’ reflection, which is not seen with the tapetal vessels. 


The optic papilla usually lies just within the ventral border of the tapetal 
fundus not infrequently surrounded by a narrow zone of non-tapetal fundus ; 
it is round or slightly oval ; its margins are ordinarily fairly wel] demarcated, 
although in some animals they are quite ragged. There are three main groups 
of blood vessels, the dorsal and the two horizontal, medial and lateral. The 
venous vessels usually arise from a circular vessel connected to the central 
retinal vein while the three arterial vessels arise independently in the substance 
of the papilla near its centre. At the junction of the peripheral and central 
portions of the papilla some ten to fifteen small subsidiary arterial vessels arise 
within the substance of the papilla and run radially outwards over the peri- 
papillary retina. These vessels, which are similar in disposition and calibre 
to the cilio-retinal vessels of the horse and were seen in sections to arise from 
choroidal vessels, appear to be responsible for much of the pink colour of the 
papilla. They were not seen to anastomose with vessels. derived from 
the central retinal artery. In about one-third of the dogs examined there was 
a well-marked physiological pit 1-2 dioptres deep ; but usually the papilla is 
flat with its periphery level with the inner surface of the retina, although its 
surface is often uneven compared with the papilla of a human eye. The 
papilla is usually pinkish white, but the colour may be very variable in the 
same dog on different occasions, and appears to be determined largely by 
changes in the smaller vessels near the periphery of the papilla, whose calibre 
closely reflects the general vasomotor tone, e.g. on a cold day with peripheral 
vasoconstriction the disc was paler than when the animal was in warm 
surroundings. 


Observation of the choroid, other than the tapetum, is restricted to the dense 
brown pigment in its inner layers over the non-tapetal fundus. The pigment 
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completely obscures the choroidal blood vessels in most normal dogs. In 
only one normal dog did we observe in the ventral non-tapetal fundus 
lighter beige-coloured streaks radiating out from the papilla and indicating 
the distribution of the main choroidal vessels. In very advanced cases of the 
hereditary generalized atrophy of Red Irish Setters when the atrophy of the 
choroid itself is advanced, one can occasionally observe these choroidal 
blood vessels radiating fanwise from the papilla. 

(b) Histology.—The microscopic anatomy of the dog’s retina follows the 
general mammalian pattern (Fig. 1). The structure and width of the layers 


Fic. 1.—Section through retina of normal adult dog, non-tapetal fundus 
witiin 5 mm. of the optic papilla. Note relative widths of layers, bundles of 
optic nerve fibres, and cones. Intra-vital fixation with Kolmer’s cold-blooded 
fluid. Mallory’s phosphotungstic acid haematoxylin. (350). 


The following system of labelling the retinal structures, modified from Polyak (1941), applies 
to all the Figures: 

Ch. Pigmented choroid. . External limiting membrane. 

Tap. Tapetum. . Outer nuclear layer: 3 

C.C. Chorio-capillaris. (a) cone nuclei; (6) rod nuclei. 

E.Z. Eosinophilic zone. . Outer fibre layer. 

Sc. Sclera. . Inner nuclear layer. 

1. Pigment Epithelium. . Inner fibre layer. 

2. Layer of rods and cones: . Ganglion cell layer. 

(a) outer limbs; (6) inner limbs. ¥%. Optic nerve fibres. 
10. Internal limiting membrane. 
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are similar over the whole fundus, except over the peripheral tenth, where the 
thickness of 200 is reduced. There is no macula and the density of the cones 
remains remarkably constant throughout the central retina, about every fifth 
_end organ being a cone as Schultze (1866) described. Rod-free portions of 
retina such as Ziirn (1902) found have not been seen in normal eyes. 


Bacillary (rod and cone) layer about 30 wide with outer and inner limbs of 
approximately equal length (Fig. 2). The outer limbs stain yellow with the 
Orange G of the azan method, light blue with Mallory’s phosphotungstic acid 
haematoxylin, dark blue with Heidenhain’s method, and purple with Feulgen’s 
method. The inner limbs stain deep blue with the azan method, and a 


Fic. 2.—Section through outer part of retina of normal adult dog, mid-area 
centralis of the tapetal fundus. Note capillary traversing tapetum and branching 
to form chorio-capillaris. Pigment epithelium is free of pigment granules. 
Note pallisade arrangement of rod nuclei (44). Intra-vital fixation with Kolmer’s 
cold-blooded fluid.. Mallory’s phosphotungstic acid haematoxylin. (x 860). 
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light bluish violet with Mallory’s and Heidenhain’s methods; they do not 
give a positive Feulgen reaction. 


Outer nuclear layer about 70-80, wide and 10-12 nuclei thick, being reduced 
to 30-40 and 5-6 nuclei over the peripheral non-tapetal fundus. The cone 
nuclei form a layer 1-2 nuclei thick immediately adjacent to the external limit- 
ing membrane ; they are about 15, long and 10 wide and have a more open 
‘chromatin network than that of the rod nuclei. The rod nuclei are smaller 
and rounder and their chromatin is denser and more lobulated. Both rod 
and cone nuclei stain a deep red with the azan method, deep blue with 
Weigert’s haematoxylin, Heidenhain’s haematoxylin, and Mallory’s phospho- 
tungstic acid haematoxylin; they give a well-marked positive Feulgen reaction 
(Fig. 2). 

Outer fibre layer about 30u wide, showing the three strata described by 
Polyak (1941) in primates, the outer-stratum being the widest. 


Inner nuclear layer (Fig. 3) about 35-40 wide and 3-4 nuclei thick (each 
6-9. in diameter), being reduced to 2-3 nuclei thick in the peripheral fundus. 
Most of the nuclei are rounded with an open chromatin network, but along 
the outer margin are occasional larger nuclei surrounded by vacuolated 
cytoplasm, probably horizontal cells. The elongated or triangular nuclei 
of Miiller’s cells are inconspicuous. In our hands the nuclei of this layer 
stain rather differently from those of the outer nuclear layer, giving an 
indefinite Feulgen reaction and staining poorly with basic dyes and light 
brown with the azan method. In places adjacent to the larger blood vessels 
the layer was much reduced or even absent. 


Inner fibre layer about 60, wide without definite strata (Fig. 3). 


Ganglion layer (Fig. 3) consisting of the giant, medium and small cells which 
were described by Ramon y Cajal (1894). The giant ganglion cells are about 
30-35 in diameter with a round nucleus 10-12, in diameter, containing a 
dense nucleolus of 2-5. The Nissl substance is well defined with as many as 
30-40 granules in a plane of section. The medium ganglion cells are 15-25. 
in diameter with nuclei similar in size to those of the giant cells. The small 
ganglion cells are 6-10 in diameter and consist almost entirely of nucleus. 
The giant and medium cells are found spaced 20-200, apart, being closer 
together near the papilla and less numerous towards the periphery, but their 
frequency varies very much in individual dogs irrespective of breed and age. 
The small cells are often two-deep and 10-20, apart in the peri-papillary zone 
but 50-100 apart towards the periphery. The main retinal blood vessels 
lie in this and the nerve fibre layer ; they do not protrude above the general 
level of the inner limiting membrane. 

Optic nerve fibres forming an inconspicuous layer 10-40. thick over most 
of the retina, but in the zone 1 mm. from the papilla rapidly increasing to 100 
(Fig. 1). These fibres are less dense than in other. animals such as the sheep 
and are probably not myelinated. 








NORMAL DOG RETINA 


Fic. 3.—Section through inner part of same retina as that shown in Fig. 2. 
Note nuclei of inner nuclear layer which are larger than those of outer 
nuclear layer, Miiller’s fibres running through inner fibre layer (7) and the 
giant, medium and small ganglion cells (8). (x 860). 


Internal limiting membrane very fine. 

Cells of the pigment epithelium about 10u wide; their nuclei have 
dense chromatin staining a deep red with the azan method and occupy the full 
width of the cell. The pigmentation varies and can be described in four 
zones: tapetal, junctional, non-tapetal, and peripheral. In the tapetal zone 
there are no visible organized pigment granules (Fig. 2). In the junctional 
zone at the periphery of the tapetum, a single layer of small lanceolate granules 
appears at the inner margin of the cells or in their processes. In the non- 
tapetal zone (Fig. 1), lanceolate pigment granules form a dense mass of radially 
arranged particles in the inner third of each cell and extend 1-2, into the 
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processes, the outer portion of the cells remaining free of pigment. In the 
peripheral zone over the extreme peripheral 2-3 mm. of the fundus, the cell 
cytoplasm is filled with round granules of dense brown pigment often 1-2 
in diameter similar to those of the choroid. 

Tapetum lucidum cellular, consisting of a layer up to eight cells 
thick of elongated rectangular cells with parallel sides set at right angles to the 
optic axis (Fig. 2). These cells have a small dense nucleus and scanty 
cytoplasm free from pigment. The tapetum thins towards its periphery and 
has never been observed to extend to the peripheral margins of the retina. 
Capillaries connecting the chorio-capillaris to the choroidal blood vessels 
traverse the tapetum at an angle of 15-30° to the perpendicular radius, forming 
the stellulae of Winslow. 

Choroid (Fig. 1) about 150-300 wide, consisting of elongated cells 
similar to those of the tapetum but densely loaded with dark brown pigment 
granules which are very small (0-5, diameter). 

(c) Occasional Anomalies.—We have observed colobomata adjacent to the 
optic papilla as described by Nicholls and Tansley (1938), and Blessig-Henlé 
cavities in the extreme peripheral 500, of the non-tapetal fundus as described 
by Ziirn (1902). The incidence of each anomaly was about 1°5 per cent of 
the eyes examined histologically. 


(2) DEVELOPMENT OF THE RETINA IN THE YOUNG Puppy. 


(a) Clinical Data.—The young puppy does not appear to see well until about 
six weeks after birth, i.e. about 100-105 days post-conception, when it has 
usually been weaned. Until this time the media are not clear, it is not 
possible to carry out night vision tests satisfactorily, the electro-retinogram is 
not fully developed (Parry, Tansley and Thomson, 1951), the vitreous humour 
is a white opaque mass when the eyeball is opened after fixation and the layers 
of the retina have not differentiated fully. The state of differentiation varies 
considerably in pups of similar post-natal age, but these variations are much 
reduced when the post-conception age is taken into account. The gestation 
periods of the pups used in these studies varied from 58 to 68 days, the 
majority being 60 to 63 days. The post-conception age was found to be a more 
reliable guide to a pup’s physiologicai maturity than the post-natal! age. 

Puppies are born with unopened eye-lids ; the lids open about the 72nd :t 
2 days post-conception (10-15 days after birth). The media are not trans- 
parent at this time and it is not until 95-105 days post-conception (5-6 weeks 
after birth) that they are as clear as in the adult eye. From about the 
78th-80th days post-conception (18-20 days after birth) pupillary light re- 
actions are detectable and the fine blood vessels of the retina appear to be 
partly buried. Occasionally the remnants of the hyaline vessels are observed 
up to 3 weeks after birth. The tapetum looks flat, grey, and of a fine 
granular texture, but its detailed structure could not be observed owing to 
difficulty in focusing sharply. From the 90th day post-conception (about 
4 weeks after birth) the tapetal reflection is deep violet-grey and the 
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stellulae of Winslow can be seen. The main blood vessels are well marked 
and the fine branches over the retina sharply defined. The papilla is well 
demarcated. During the following weeks the colour of the tapetal reflection 
changes through a bluish dove-grey to the adult colour, which is seen usually 
8 weeks after birth, when the normal adult texture is also present. 


(b) Histology.—The retina of the newborn pup is very much less well 


developed than the retina of the newborn child. The stage of development 


in the newborn pup corresponds roughly to the early third stage (Mann, 1928) 
seen in the human embryo of the third or fourth month (Mann, 1928 ; 
Duke-Elder, 1932), and the developments of the late third and fourth stages 
occurring in man during the fourth to eighth months of pregnancy take place 
in the dog’s retina during the first 6 weeks after birth, i.e. between the 60th 
and 105th day post-conception. 


At the 60th day post-conception there is no rod and cone layer and no outer 
fibre layer, and the inner and outer nuclear layers form a single combined 
nuclear layer comprising the undifferentiated outer neuroblastic layer and 
presumably those cells of the inner neuroblastic layer which will form Miller’s 
cells and the amacrine cells of the inner nuclear layer. This combined nuclear 
layer is 80-120 wide and 30 nuclei thick ; the nuclei are all similar being 
lanceolate with an open vesicular chromatin network, 8-10 long and 2-3 
wide and over-lapping each other without any regular pallisade arrangement. 
The techniques employed gave no indication as to which cells would eventu- 
ally form the outer and inner layers, but Tansley (1933a) has demonstrated 
such a difference in the rat retina at a similar stage of development by using 
osmic acid fixation. At the outer margin of the combined nuclear layer and 
separating it from the external limiting membrane lies an eosinophilic zone of 
hyaline tissue. In this zone, 50-100, apart, are nuclei 10-12, in diameter in 
the various stages of mitosis. On the outer surface of the external limiting 
membrane are the primordia of the rods and cones 0:5 long and contiguous 
with the pigment epithelium, the cells of which contain little or no pigment 
except in the peripheral zone. The inner fibre layer is about 7 thick. In the 
ganglion layer the cells are often two deep, most being about 10, in diameter 
with a few cells 20, in diameter near the papilla. The optic nerve fibres are 
inconspicuous and the differentiation of the tapetum from the choroid is 
indistinct with the choroid only containing traces of pigment in its inner cells. 


About the 62nd day post-conception cleavage of the combined nuclear layer 
begins over the area centralis and is complete about the 66th to 68th day. 
The separation usually leaves an outer nuclear layer of 15-18 nuclei and an 
inner one of 9-10 nuclei, but sometimes the relative widths are reversed. The 
nuclei are still largely undifferentiated, but cell division has ceased, some cone 
nuclei can be recognized and some of the nuclei along the margins of the inner 
nuclear layer are becoming rounded. The large ganglion cells are bigger, 
more evenly distributed over the fundus and show some Nissl granules. The 
retinal blood vessels are much larger and are raised above the inner surface of 
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the retina. The rods and cones are still very immature, only 2-2°5y long and 
jutting outwards through the external limiting membrane. The tapetum is a 
distinct layer of oval cells with fairly dense cytoplasm and the choroid con- 
tains more pigment. The adult nuclear staining reactions have not yet 
appeared, the nuclei of both inner and outer layers staining a uniform 
brownish-red with the azan method and red-purple with Feulgen’s method. 


About the 80th day post-conception the adult nuclear staining reactions are 
present, and the outer and inner limbs of the rods and cones are quite distinct, 
being 4-5 and 3-4 wide respectively. However there is still an eosinophilic 
zone between the external limiting membrane and the cone nuclei which do 
not yet form a continuous layer. Occasional pyknotic rod nuclei are present 
in every 4-6 fields (with 1/6” objective), i.e. 1 in 5-10,000 nuclei. In the inner 
nuclear layer most nuclei have differentiated and the nuclei and processes of 
Miiller’s cells are conspicuous for the first time. The optic nerve fibres are 


Fic. 4.—Section through retina of normal pup aged 92 days post-conception, 
mid-area centralis of tapetal fundus. Note great development of rods and 
cones (2). Nuclei of cones are quite distinct from those of rods whose 
chromatin is more lobulated. Cone nuclei (4a) now form a nearly contiguous 
layer immediately adjacent to outer limiting membrane, and eosinophilic zone 
has almost disappeared. Intra-vital fixation with Kolmer’s cold-blooded fluid. 
Mallory’s phosphotungstic acid haematoxylin. (x 860). 
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distinct\and the Nissl substance of the larger ganglion cells is beginning to 
disintegrate into discrete granules. 

This stage of development corresponds very closely with our earliest 
detection of the electroretinogram (Parry, Tansley and Thomson, 1951). We 
were unable to detect any potentials in pups at the 80th day post-conception, 
but at the 83rd day a small b-wave was recorded, which became larger until 
the 100-105th day when the normal adult form of ERG was obtained. 


Between the 85th and 95th days post-conception the rods and cones acquire 
their adult size and staining reactions. The eosinophilic zone disappears, 
presumably due to extrusion of its substance through the external limiting 
membrane to form the rods and cones. The cone nuclei are now close to the 
external limiting membrane as a clear-cut layer one nucleus thick with the 
nuclei spaced at first 2-2-5 nuclear diameters apart but becoming contiguous 
(Fig. 4). The rod nuclei are becoming more oval and their chromatin 
lobulated. The nuclei of the inner nuclear layer are similar to those of the 
adult retina and in the large ganglion cells the Nissl substance is now distinct. 
The blood vessels have now penetrated the inner retina and numerous capil- 
laries can be seen traversing the inner nuclear layer and forming a network in 
the outer fibre layer. The chorio-capillaris is well developed and the tapetal 
cells are elongated. 


By the 100-105th day post-conception the retina and tapetum appear as in 
the adult, while the pigmentation of the pigment epithelium and choroid is 
also complete. 

The retina once mature shows little change up to the age of 6 years ; we 
have not had suitable material older than this for study. 


(3) CHANGES IN THE RETINA WHEN FIXED AFTER DEATH 


We examined eyes from some forty normal dogs fixed at various periods 
up to 48 hrs after death, including some fixed intravitally immediately after 
death. The usual fixatives were used. The carcases were kept in the shade 
at room temperature, i.e. between 40°-70° F., and in a few instances the 
sequence of changes seen in the eyes of different dogs was confirmed as 
occurring in the same animal by removing one eye and allowing the second 
eye to remain in the’carcase for a longer period. 

The changes in dogs more than 8 weeks old are remarkably uniform, and 
may be conveniently described in four stages. 


Stage 1 (Fig. 5, overleaf) is seen when fixation takes place within 30 minutes 
of death ; the earliest signs can be detected in most preparations fixed within 
five minutes after death without intravascular injection of fixative. The outer 
limbs lose their dense palisade arrangement and a space appears between each 
group of 3 to 5 processes. At the same time the beading of the segment 
becomes more obvious. In the inner and outer nuclear layers, about 0-1 per 
cent. of the nuclei show pyknosis of the chromatin, which is rounded, very 
dense, and stains a very deep blue-black with haematoxylin, a deep red with 
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Fic. 5.—Section through retina of normal adult dog, fixed 30 minutes after 
death, mid-ventral non-tapetal fundus. Note fragmentation of outer segments 
of rods and their separation from pigment epithelium. Chromatin of nuclei 
is still largely unaffected, but there is a general loss of fine definition. Kolmer’s 
cold-blooded fluid. Mallory’s phosphotungstic haematoxylin acid. (x 440). 


azo-carmine, and purple with Feulgen’s method. The remainder of the retina 
is normal. 

Stage 2 (Fig. 6) develops between 1 and approximately 6 hrs after death. 
The outer limbs, especially at points adjacent to the pigment epithelium, 
become broken up into their constituent discs, thereby causing detachment of 
the retina from the pigment epithelial layer and making these sections very 
difficult to prepare without separation of the retina. The inner limbs are 
essentially normal and the inner remnants of the outer limbs still give a 
positive Feulgen reaction. The pyknosis of the rod nuclei increases pro- 
gressively and by 1-2 hrs after death nearly half are contracted with 
pyknosis of the chromatin, but there is no contraction of the mass of the outer 
nuclear layer, so that the rod nuclei individually open further apart. The 
cone nuclei are still unaffected. 

In the inner nuclear layer up to 10 per cent. of the nuclei show pyknosis, with 
contraction of the nuclei to about half the normal diameter. At first these 
pyknotic nuclei are more numerous along the inner margin of the layer and 
the nuclei of Miiller’s cells appear to be affected preferentially, but gradually 
the affected nuclei appear evenly throughout the layer. The staining re- 
actions of these pyknotic nuclei differ very much from those of the normal 
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Fic. 6.—Section through retina of normal adult dog fixed 6 hrs after 
death, peri-papillary non-tapetal fundus. Note disintegration of outer limbs 
of rods (2a), while inner limbs (25) still retain much of their normal structure. 
The cone nuclei are retracted from outer limiting membrane, leaving a clear 
eosinophilic zone at outer margin of outer nuclear layer. Most rod nuclei (4) 
are pyknotic, as are some nuclei of the inner nuclear layer (6). Optic nerve fibres 
are becoming fragmented. Kolmer’s cold-blooded fluid. Mallory’s phospho- 
tungstic acid haematoxylin. (x 360). 


nuclei with their open reticular chromatin staining a very light blue-purple 
with haematoxylin, blue rather than purple with Feulgen’s method, and a light 
chestnut-brown with the azan method. The pyknotic nuclei stand out as 
dense round masses ef chromatin sharply demarcated, staining a deep purple 
with haematoxylin, a deep red with azo-carmine, and a deep purple with 
Feulgen’s method. The ganglion cells show some loss of Nissl substance 
which is less granular, and the nucleoli stain a deep red with azo-carmine. 
The fibre layers and limiting membranes are still essentially normal, although 
the internal limiting membrane begins to separate from the optic nerve fibres. 

Stage 3 (Fig. 7, overleaf) is seen in eyes. fixed 6 to 18 hrs after death. . The 
most conspicuous sign is a regular folding of the retina which appears in sec- 
tions as folds and rosettes. The thickness of the portion of the retina between 
the outer and inner limiting membranes remains constant over much of the 
fundus, but it is about 10 per cent. greater than normal at 250-300u. This 
increase is due largely to the greater width of the outer nuclear layer which is 
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Fic. 7.—Section through retina of second eye of same dog as that shown in 
Fig. 6, but not fixed until 18 hrs after death. Note folding of retina due to 
swelling and separation, chiefly of outer limbs of rods. Nuclei of outer nuclear 
layer (4) are all pyknotic, as are many nuclei of inner nuclear layer (6). General 
fragmentation of fibre layers. Kolmer’s cold-blooded fluid. Mallory’s 
phosphotungstic acid haematoxylin. (320). 


about 100-120, (normal 70-80,). The variations in total thickness are due to 
disintegration of the rods and cones, which become progressively fragmented 
and the remnants swollen. At first this fragmentation remains confined to the 
outer 3/4 of the outer limbs and even at 8 hrs post mortem the inner limbs are 
relatively intact and the attached remnants of the outer limbs still give a 
positive Feulgen’s reaction. Thereafter this is lost and the inner limbs 
fragment. The external limiting membrane is at first intact but the outer 
nuclei of the outer nuclear layer become separated from the membrane by a 
zone of eosinophilic tissue, as in very young pups. The membrane has 
usually disintegrated completely by 12 hrs after death. Meanwhile the 
nuclei of the outer nuclear layer become separated further from each other 
until they are about the diameter of one pyknotic nucleus apart (8-10,). 
The pyknosis of the nuclei of the outer nuclear layer increases gradually until 
half and later all are affected, the cone nuclei being more resistant, while in the 
inner nuclear layer pyknotic nuclei increase until about half are so affected. 
No fine cytopJasmic structure can be seen in the ganglion cells although their 
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processes are conspicuous, while the chromatin of the nuclei of the small 
ganglion and glial cells is rounded and stains very deeply. The optic nerve 
fibres begin to swell and fragment and there is considerable loss of substance 
in the fibre layers. The internal limiting membrane is swollen and dis- 
integrating as are Miiller’s fibres. The cells of the pigment epithelium and 
their pigment begin to disintegrate late in this stage after the cytoplasm of the 
tapetal cells has swollen. 

Stage 4 is seen in material fixed more than 18 hrs after death. Nearly all the 
nuclei are pyknotic, and the fibre and bacillary layers have disappeared, leaving 
only a mass of less densely packed pyknotic nuclei at the site of the nuclear 
layers suspended in a very faintly staining eosinophilic matrix. Nuclear 
counts have been possible on materia] fixed up to 48 hrs after death, but 
thereafter the recognition of the structural features becomes more and more 


difficult as the whole retina disintegrates. 
In animals less than 8 weeks old the pyknosis of rod nuclei occurs less 


rapidly and: Stage 2 does not develop unless fixation is delayed until some 4 
hrs after death. In these eyes, fragmentation of the outer limbs is the main 


sign of early post-mortem change. 


Discussion 
The gross structure of the retina of the dog is similar to that usually seen in 


carnivores (Schultze, 1866; Ramon y Cajal, 1894; Ziirn, 1902; Walls, 
1942), but there are certain details which call for further comment. 


A rod-free fovea externa with an increased density of cones and their nuclei 


has been described by Ziirn (1902) in certain breeds which hunt by sight rather 
than by scent, e.g. German gun dogs, Russian greyhounds etc., but not in 
others such as certain terriers which hunt by scent. We examined particularly 
racing greyhounds as an example of a dog hunting by sight, while the setters 
and retrievers are good examples of dogs hunting mainly by scent. We were 
unable to confirm Ziirn’s observations of a rod-free fovea, nor did we 
detect any area of increased cone density. In fact, the regularity of the cone 
density, as determined in radial sections of the normal retina and in the density 
of the residual cone nuclei seen in the rod-free retinae of dogs suffering from 
hereditary degeneration of the retina (Parry, 1953), is very striking. Our 
observations support the contention of Walls (1942) that animals with a 
tapetum do not have a fovea, the advantages of increased visual acuity pro- 
vided by a fovea being nullified by the tapetal reflection. In addition, the 
density of the ganglion cells is also remarkably constant. 

Compared with many other domestic animals and with man, the dog has a 
large number of rod nuclei. If we assume that each cone is connected to a 
Single cone bipolar cell, as studies of the dog retina by Ramon y Cajal (1894) 
Suggest, then each rod bipolar is connected to at least 8-10 rods. The 
recognition of the nuclei of amacrine, horizontal, and bipolar cells in the inner 
nuclear layer is not easy by the methods described in this paper, but the 
nuclei of Miiller’s cells can easily be distinguished. 
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The ganglion layer has cells of two types, the large with abundant cyto- 
plasm and the small with very little cytoplasm. The large cells are the giant 
and medium ganglion cells with their conspicuous Nissl’s granules ;_ their 
density is rather higher in the peri-papillary fundus than elsewhere. The 
small cells are small ganglion cells. Whether in the dog retina the cone and 
rod bipolars are specially connected to any of the three kinds of ganglion cells 
is not known, but there would appear to be a considerable concentration of 
both rod and cone connections to each ganglion cell, the bipolar cells being 
15-20 times as numerous as the ganglion cells. 

The surface of the optic papilla is nearly always on the same level as the 
surrounding retina, as Wolff and Davis (1931) reported ; in some 20 per cent. 
of eyes only is there a well marked physiological pit, less extensive than the 
cup in man. 

The differentiation of the dog’s retina occurs at a very much later stage of 
general development than in man. Thus in man (Mann, 1928 ; Duke-Elder, 
1932), cell division is not seen after the 11-mm. stage, when Miiller’s fibres are 
already present ; the differentiation of nuclei of the potential inner and outer 
nuclear layers can be seen at the 48-mm. stage, and the outer fibre layer is 
present at the 110-mm. stage (4th month of pregnancy), when small rods and 
cones are formed ; all these stages occur in the dog’s retina after birth. 
However the maturation of the dog’s retina after birth follows the sequence 
described by Tansley in the rat (1933b) and in the mouse (1951), although pro- 
ceeding over a longer period. The relatively late development of the cones 
and rods about the 75-80th day post-conception after the differentiation of 
the two nuclear layers is well advanced is of interest, since it coincides so 
closely with the earliest detection of an electroretinogram and with the 
development of the staining reactions of the mature retina. The cones appear 
a few days before the rods, whose nuclei also mature more slowly. The limb 
segments of the rods and cones continue to elongate until about the 100-105th 
day post-conception (6 weeks after birth), being the last portion of the retina 
to assume a mature form. The cone nuclei are probably scattered through 
the outer portion of the primitive nuclear layer and actively migrate until they 
lie as a solid layer of contiguous nuclei against the external limiting mem- 
brane. It is difficult to explain the gradual completion of this layer in a 
constantly enlarging eyeball without such active migration. The number and 
distribution of the ganglion cells also suggest a similar migration, as well as 
post-natal development from primordial cells ; in the newborn pup the large 
cells of the ganglion layer are few and far between except for a narrow zone 
around the optic papilla, where they are very much more numerous than in 
the adult, and small cells are distributed evenly throughout the retina in 
numbers considerably greater than in the adult. It seems probable, there- 
fore, that the ganglion cells of the mature retina are derived partly from a 
centrifugal migration of the peri-papillary large ganglion cells present at birth, 
and partly from post-natal differentiation from the primordial cells of the 
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ganglion layer. It is of interest that the nerve fibre layer becomes much more 
distinct between the 70th and 80th day post-conception. 

The retina of the newborn pup is essentially avascular. The circulation 
from the central retinal vessels is confined to a fine network near the inner 
surface, embedded in the rudimentary nerve fibre layer, and it is not until 
three weeks after birth that the adult arrangement with capillaries extending 
to the outer fibre layer is seen. At the same time the surface vessels become 
larger with their inner surface at the surface of the retina, a fact which explains 
the ophthalmoscopic observation that the retinal vessels appear to be buried 
at first but to reach the surface as distinct vessels about the 90th day post- 
conception. The retinal blood vessels arise from two sources, the central 
retinal artery and from subsidiary arterioles arising directly from choroidal 
vessels at the periphery of the papilla. We have not traced in detail the origin 
of the central retinal artery, but recently it has been suggested that it arises 
from the ciliary artery (Moffat, 1952). 

The gradual reduction of the width of the nuclear layers during infancy, 
and adolescence can be explained satisfactorily by the gradual enlargement of 
the eyeball. There may be a very slow reduction of the nuclei during middle 
age and senescence, but the number of dogs in this group, with unimpeccable 
medical histories with regard to virus infections is insufficient to form a reliable 
estimate. 

The changes in the retina occurring after death and producing artefacts 
to which Birch-Hirschfeld (1900) drew attention in human material, are 
remarkably constant and specific in the dog in the sense that the nuclear 
changes are quite distinct from any we have seen in properly fixed dystrophic 
retinae and it is possible to distinguish these post-mortem changes from 
dystrophic changes in many abnormal eyes. The folding and rosette forma- 
tion could be explained readily by assuming that the swelling, which we know 
occurs over the width of the retina also occurs transversely, i.e. the post- 
mortem changes cause a general increase in the volume of the retina, so that it 
tends to fold and in sections to produce rosette formations. The pigment 
epithelium shows no signs of hypertrophy or of pigmentation of the cyto- 
plasm in the body of the cell. 


Summary 
(1) The results of clinical and ophthalmoscopic examinations of the eye are 


correlated with the histology of the retina in a series of normal dogs of various 
breeds. 


(2) No striking differences were noted in dogs hunting by sight and by 
scent, and no evidence of an area of retina with cones only was found. 
(3) The rod and cone nuclei are some 8 to 10 times as numerous as the 


bipolar cells, which are themselves 15 to 20 times as numerous as the ganglion 
cells, which are of three sizes. 
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(4) The development of the retina from birth, when the nuclear layers have 
not differentiated, to the adult form at about six weeks after birth (100-105th 
day post-conception) is compared with that in man. 


(5) The changes in the retina occurring when fixation has been delayed for 
various periods of up to 48 hrs after death are described. 


I should like to thank Dr. Katharine Tansley, who has made freely available the results of 
her wide experience of retinal histology and has kindly read the manuscript. I am particularly 
indebted to Mr. C. F. Hart and his assistants for making the histological preparations. 
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AN EYE SANATORIUM 
SURVEY OF ONE YEAR’S WORK 


BY 
D. P. CHOYCE anp A. G. CROSS 
London 


OCULAR TUBERCULOSIS 


Tuberculosis of the eye appears in many different forms, in all grades of 
severity, and at all ages. The pathological changes in the ocular structures 
may be due to the presence of the Mycobacterium tuberculosis or to the 
effects of hypersensitivity of some part of the eye to tuberculoprotein, as the 
result of a previous tuberculous infection in the body, often in the lymphatic 
glands, or lungs. In some cases the clinical manifestations are the result of 
a combination of both these factors. 


DIAGNOSIS.—This is rendered difficult by the fact that no serological test 
exists which will demonstrate the presence of an active tuberculous lesion 
in the body, though much investigation has been carried out to discover 
such a reaction both in the serum and in the aqueous humour. The Mantoux 
reaction is a measure of: skin sensitivity to tuberculoprotein, and in some 
cases this may be considered to be parallel to the ocular sensitivity. The 
ocular sensitivity may however be higher than that of the skin, and as in 
this country most adults give a positive skin reaction, the diagnostic value 
of the Mantoux reaction is not great. According to Woods (1951), the 
diagnosis of intra-ocular tuberculosis depends upon : 


(1) The presence of signs and symptoms compatible with ocular tuberculosis. 

(2) Exclusion of other aetiological factors. 

(3) The presence of a-focus of tuberculosis, active or healed, somewhere in the 
body. 

(4) Tuberculin skin reactions. 


Many cases, even after the consideration of these factors, remain indefinite, 
and the diagnosis depends ultimately upon the experience and opinion of the 
examining ophthalmologist. Tuberculosis of the eye-lids and ocular adnexa 
is easier, because portions of tissue can be examined for the presence of 
organisms and for diagnostic histological appearances. 


TREATMENT.—Over many years, this has presented an insoluble problem. 





* Received for publication April 7, 1953. 
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Some forms of the disease have tended to settle down fairly readily, while 
others have taken a course of steady deterioration which has led to loss of 
the eye. Others have proceeded in chronic fashion for months or years, 
and have, ultimately, resulted in great visual) disability. The treatment of 
the general condition of the patient, with the object of raising his general 
immunity, has always been an important consideration in therapy, but 
facilities for sanatorium treatment for ocular cases in Great Britain have 
not existed, though some patients have been able to go to Switzerland to 
such centres as the Guardaval Clinic at Davos (Choyce, 1952). Local 
treatment with mydriatics has been undertaken, together with such surgical 
procedures as have been indicated. The introduction of the chemothera- 
peutic drugs, streptomycin, promizol, and para-amino-salicylic acid was an 
advance which has resulted in the more rapid cure of certain tuberculous 
ocular lesions. The position of tuberculin in treatment has been indefinite. 
The object of injecting this substance, initially, was to produce an immune 
reaction, but this it failed to do. Now that the concept of tissue hyper- 
sensitivity has been appreciated, it is suggested that, commencing with small 
doses and proceeding by small increases, tuberculin may be used to desensitize 
patients who are sensitive to tuberculoprotein. This requires regular, 
gradually increasing injections over a prolonged period. 


CONCEPTION AND PLAN OF EYE SANATORIUM 


The idea of opening a sanatorium devoted to the treatment of ocular 
tuberculosis in Great Britain has in the past been suggested repeatedly by 
different ophthalmic authorities. In those times patients with ocular tuber- 
culosis could be sent to convalescent homes, but only for relatively short 
periods, and while in these institutions they were not under ophthalmic care 
nor receiving treatment from a skilled nursing staff. A centre was conceived, 
therefore, at which patients could stay for any required period, and, in general, 
for a minimum of 4 months. It was planned that they should be under 
regular ophthalmic supervision, and under the care of experienced ophthalmic 
nurses. The South-Eastern Metropolitan Regional Hospital Board made 
28 beds available at the Whiteoak Hospital, Swanley, Kent, and responsi- 
bility for their medical and nursing care was given to the Moorfields, West- 
minster and Central Eye Hospital. The unit was fully equipped to carry out 
all routine ophthalmic procedures, and, since it was in close proximity to the 
Kettlewell Sanatorium, all necessary diagnostic procedures for pulmonary 
tuberculosis were readily available, and Dr. P. Forgacs the Medical Super- 
intendent, was able to make routine examinations of all patients. Arrange- 
ments were made for occupational therapy, and for schooling for the children, 
and the Almoner’s department of the Moorfields branch of the hospital 
undertook the social aspect of the patients’ care. 

The Swanley Eye Sanatorium was opened by the Minister of Health, Mr. 
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Hilary Marquand, on June 28, 1951, for the care of cases of ocular tuber- 
culosis from all parts of the United Kingdom, and during the first year 47 
patients were treated and discharged. 


ROUTINE PROCEDURES OF DIAGNOSIS 

(1) A full history with special reference to possible tuberculous lesions either 
in the patient or in near relations. 

(2) A full examination of the eyes and a full general examination of the rest of 
the body. 

(3) Radiological examination of the chest for possible lesions either in the lungs 
or in the mediastinal lymphatic glands. 

(4) Mantoux reaction: the first intra-cutaneous injection was 0.1 ml. 1/10,000 
old tuberculin. A negative reaction indicated a test with 1/1,000 old tuberculin 
and if this was negative one with 1/100 old tuberculin. A negative reaction with 
1/100 old tuberculin was followed by an injection of B.C.G. vaccine and a repeat 
of the Mantoux reaction with 1/100 tuberculin in 6 weeks. 

(5) Erythrocyte sedimentation rate estimated monthly, weight weekly, and 
sputum as indicated by examination of the chest. 

Patients spent the first 2 weeks after admission resting in bed, except for 
toilet purposes. Thereafter they got up for increasing periods until they 
were out of bed throughout the day, except for a rest of one hour after meals. 
Streptomycin and para-amino-salicylic acid were given where there was 
evidence to suggest the presence of Mycobacterium tuberculosis, tuberculin 
where the skin sensitivity was high and the ocular lesion had an appearance 
suggesting that it was due to hypersensitivity, and cortisone by subconjunctival 
injection or as drops in acute inflammatory lesions of the eye which appeared 
to be threatening corneal or lens transparency. 

The average length of stay has been 4 months; the shortest being 2 months 
and the longest over one year. It has been suggested that 4 months is the 
minimum period in which ocular tuberculous lesions can be expected to 
settle. About one quarter of the patients admitted were diagnosed as 
suffering from Boeck’s sarcoid, which many authorities regard as a modified 
form of tuberculosis. It appears that, while some cases of sarcoidosis settle 
rapidly under a sanatorium regime, the improvement is not so constant as in 
cases of tuberculosis. 

The majority of patients and particularly the children put on weight during 
their stay ; in the two cases in which weight was lost it»was thought that this 
was due to worry over possible impending blindness. The average increase 
in weight was 7 lb., but one small girl with conjunctival tuberculosis put on 
38 lb. in 5 months. 


ANALYSIS OF CASES AND RESULTS 


During the first year of work at the Eye Sanatorium 47 cases were admitted 
and discharged (Table I, pp. 408-411). 
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The diagnosis of these 47 cases is shown in Table II. About half the 
cases admitted during the first year were the result of tuberculous 
infection, or possibly due to such infection. Nearly half the remainder 
(one-quarter of the whole) were possible cases of sarcoidosis. The results 
of treatment at the sanatorium are shown in Table III. 















































TABLE II 
DIAGNOSIS 
| 
Doubtful : Doubtful | Non-specific 
Ocular Condition — Tuber- — Sarcoi- Inflam- Total 
| culosis dosis mation 
Uveitis... - ... me aL RS eas ey 2 | 5 
Anterior uveitis — y Pea 6 7 | 23 
Posterior uveitis — — — | 1 _ 1 
Periphlebitis retinae ... 3 1 — | 2 2 8 
Conjunctivitis ... 3 _ — —— — 3 
Keratitis se 2 1 — _— 3 6 
Parinaud’s syndrome ... — 1 — — — | 1 
Totals ... 8 14 | 2 | I 14 | 47 
| | 
TABLE III 
RESULTS OF TREATMENT 
; P Much 
Diagnosis | Improved Improved | Unchanged | Worse Total 

Tuberculosis ... oe bette 5 2 1 _ 8 
Doubtful tuberculosis | 1 9 4 — 14 
Sarcoidosis , BS peed 1 1 a oe 2 
Doubtful sarcoidosis ... sont 1 4 3 1 9 
Non-specific inflammation ... | — 10 4 —_ 14 
_. Sea. 8 | 2% =| (12 1 47 








These figures, which are so small as to be statistically valueless, suggest 
that cases of tuberculosis respond well to treatment at the sanatorium, while 
cases of possible tuberculosis, sarcoidosis and possible sarcoidosis, and non- 
specific cases, appear, generally, to improve at the sanatorium, but not in 
such a marked manner as the definite tuberculosis cases. 

It is too early to evaluate desensitization therapy by tuberculin, because 
the period of treatment may last for 2 years or more and must be followed 
by a period of observation. 

It has appeared that cases of sarcoidosis associated with acute uveitis have 
responded satisfactorily to local applications of cortisone. 


DISCUSSION 


It is apparent that cases of ocular tuberculosis respond satisfactorily to 
routine treatment in a sanatorium. The urgent problem which requires 














the 
us 
der 
ilts 








AN EYE SANATORIUM 413 





solution is a rapid method of establishing a definite diagnosis. The methods 
described, which have been used during the past year, are insufficient. In 
cooperation with the Pathological Department of the Institute of Ophthal- 
mology, the Middiebrook-Dubos test is to be carried out on all patients. 
This is a haemagglutination test in which red blood corpuscles treated with 
an extract of the Mycobacterium tuberculosis are mixed with the sera of patients 
who are suspected of having an active tuberculous lesion. Agglutination of 
the red blood corpuscles at a titre of 1 : 8 is regarded as positive for active 
tuberculosis, though it is agreed by all observers that some cases of active 
disease do not give a positive result. This test has been used in Great Britain 
in pulmonary cases, and has been regarded as valueless, but it has not, so 
far as is known, been employed previously in Great Britain in ophthalmic 
cases, though it has been widely performed in Switzerland (Brodhage, 
1952) where great reliance is placed upon it. 

It is proposed, in addition, to undertake this test upon the aqueous 
humour, removed by puncture from the anterior chamber of .all 
patients, and to investigate it for its cell content and for the presence 
of micro organisms. Further experience may lead to more accurate assess- 
ment of clinical signs and symptoms for the purposes of diagnosing tuber- 
culosis of the eye. 

The treatment of ocular tuberculosis, once the diagnosis is established, is 
not an insurmountable problem. Streptomycin and para-amino-salicylic 
acid give satisfactory results where the Mycobacterium tuberculosis is present, 
and iso-nicotinamide hydrazine is a drug which is also being used in these 
patients. The sanatorium regime is useful, and tuberculin may be of value 
in selected cases. 

Problems which are not met in hospital must be faced and solved in a 
sanatorium when the patients remain for long periods. Personalities tend 
to clash when patients are in close contact for many weeks, and an ideal 
institution would have single rooms, double rooms, and rooms with four 
beds, so that the introvert as well as the more gregarious patient could be 
happily settled. Occupational therapy and entertainment are essential, 
because the time may pass slowly for patients who cannot read or are not 
allowed to do so. The help of the almoner is important, because, especially 
in the case of men, economic problems arise which must be solved to allow 
that peace of mind which is essential if the patient is to benefit. 

One-quarter of the patients admitted to Swanley during the first year have 
shown no definite evidence of tuberculous infection, but in most of them 
the state of their eyes improved during their stay. It would, possibly, be 
unjustifiable to maintain an Eye Sanatorium for the benefit of such patients 
only, but the fact that they are improved by this, and often by no other 
treatment, is added emphasis on the value of such an institution. The Eye 
Sanatorium also collects together many cases of peculiar interest which may 
be of value for research and teaching purposes. 
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414 D. P. CHOYCE AND A. G. CROSS 


CONCLUSIONS 


(1) Treatment at the Eye Sanatorium is of real value in all cases of ocular 
tuberculosis, and of some value in non-specific cases of uveitis and of peri- 
phlebitis retinae. 


(2) Confirmatory tests for the presence of tuberculous infection of the eye, 
whether bacterial or due to hypersensitivity, are an urgent requirement. 


(3) Occupational therapy for the patients in the Eye Sanatorium is a 
necessary part of the therapeutic regime. 


(4) An ideal Eye Sanatorium would have ward units of one, two, and 
four beds, so that patients who wish to do so can have some amount of 
relative or absolute privacy. Day rooms are also necessary. 


(5) In order to carry out its functions adequately, patients should be ad- 
mitted to the Eye Sanatorium immediately upon the request of the surgeon 
in charge of the case, and more beds than those at present available are, 
therefore, likely to be required. , 
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MODIFICATION AND DEFENCE OF THE 
SCLERAL IMPLANT* 


BY 


W. HEDLEY SUMMERSKILL 


Ophthalmic Surgeon, Portsmouth Eye and Ear Hospital, 
and St Mary’s Hospital, Portsmouth 


Some form of orbital implant is essential if the disfigurement caused 
by the loss of an eye is to be adequately disguised by a movable 
life-like prosthesis. A satisfactory implant will retain the contours and tone 
of the lids, provide a fully mobile foundation for the prosthesis, and preserve 
the conjunctival fornices. 

The enthusiasm with which the technique of the integrated implant was 
adopted reflected a general dissatisfaction with the results being obtained 
by the older methods. But the long-term results of such implants are still 
unsatisfactory (Choyce, 1952; and others), since the majority become 
gradually immobilized or extruded by inflammatory fibrosis. It is to the 
completely buried implant that one must again turn to achieve any progress 
in this field. 

The prototypes of the buried implant are those of Mules (1885), who des- 
cribed the introduction of a glass ball into the scleral cup provided by 
evisceration, and of Frost (1885a), who recommended the insertion of a 
sphere into Tenon’s capsule after enucleation. Frost (1885b) and many 
other surgeons condemned Mules’s procedure and, after a long controversy 
about the dangers of scleral implantation, this method was virtually abandoned 
after 1920. 

An implant into Tenon’s capsule can never provide a perfect foundation. 
Enucleation destroys the attachment of Tenon’s capsule to the optic nerve 
and opens the central space within the muscle cone. The implant, therefore, 
lies insecurely in a tube leading to intra-orbital fat, a tissue highly sensitive 
to intra-orbital pressure changes. Examination of such implants shows that 
both atrophy and displacement of the fat are caused by the surgical trauma 
and later by the backward pressure of the sphere. The fat beneath the 
septum orbitale retracts, causing the characteristic unsightly depression be- 
neath the brow, flattened fornices, and lax and sunken lids often in ectropion. 
An appearance of enophthalmos and a gradual loss of movement follow, as 
the inadequately supported ball is pulled towards the apex of the orbit. 
The surgery on the muscles also produces, immediately or later, some 
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limitation of movement. This sequence of events spoils the result of most 
Frost implants to some degree, and the resultant deformity is so charac- 
teristic in many cases that the presence of a prosthesis can be recognized at 
a glance (Figs 1, 2, and 3). 





t 
I 
‘ 
F 
e 
t 
Figs 1, 2, and 3. C 
Right—Summerskill-Mules’s implant. Left—Frost implant. j 
The surgery of Mules’s implant, on the other hand, does not disturb 
the intra-orbital fat, the extrinsic muscles, or Tenon’s capsule; therefore, ¢ 
when successful, it provides an almost perfect foundation for a life-like 
ocular prosthesis (Figs 4 and 5, opposite). I 
Unfortunately, the technique originally described by Mules involved a high t 


proportion of failures and some danger. As a result of his war experiences, 
Valois (1918), among many others, condemned Mules’s operation because of 
its frequent failures (extrusion of the ball), the prolonged and severe reaction 
which it provoked, and the danger of sympathetic ophthalmia. Its sup- 
porters felt they should be guided by the experience of the majority: 


Our own experience of evisceration (including in that term Mules’s operation) was 
considerable, and we never saw any case of sympathetic trouble, but we have abandoned 
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Figs 4 and 5. 
Right—Summerskill-Mules’s implant. Left—Normal eye. 
Mules’s operation because the total experience of the profession seemed to show that 
the risks were excessive (Grimsdale and Brewerton, 1937). 
As a result this operation is now rarely used and modern text-books do 
not refer to it (Stallard, 1950; Philps, 1950; Wiener and Alvis, 1939). 
Spaeth (1944) described Mules’s technique but considered that: 

; The postoperative course is never as uneventful, the reaction is more marked, the 
period of hospitalization is greatly increased, postoperative extrusion of the sphere (what- 
ever the sphere may be) is much more common, and the final stump is actually smaller 
than that obtained by other procedures. 

The author’s experience with Mules’s original technique confirmed many 
of Spaeth’s criticisms, but he found that when successful its results fully 
justified the opinion of Swanzy and Werner (1907): 

b No proceeding is more satisfactory, at least in young persons, than this beautiful one 

, of Mules. The prosthesis it gives is almost perfect. 

e The author, therefore, considered the merits of this operation deserved to 
be re-examined in the light of modern surgical practice and the validity of 

’ the objections to its use reassessed. 

f The literature shows that Mules’s operation was discredited because: 

1 (1) it was frequently followed by sympathetic ophthalmia, 


(2) post-operative infections were common, 

(3) a severe and painful. reaction often caused expulsion of the implant, 
(4) it did not produce a stump as mobile and satisfactory as that obtained by 
, other procedures, 

(5) the ball was liable to do serious damage to the orbital contents by bursting. 
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(1) SYMPATHETIC OPHTHALMIA.—A priori there is little to justify an assumption 
that a properly conducted evisceration, with or without an implant, could initiate 
this disease. In the literature the issue is confused because Mules unfortunately 
advised the operation as a substitute for the enucleation of eyes threatened by 
sympathetic disease. He described the introduction of evisceration (1885) as: 





Frohlich one accidental case in 1881 to extract a foreign body; Graefe in 1884 for the 
prevention of purulent meningitis; Mules in 1884 for the prevention of sympathetic 
ophthalmia . . . 


Since this was his claim, evisceration with scleral implant was used and judged 
as an operation “for the prevention of sympathetic ophthalmia ’’, with the in- 
evitable unfortunate results so often recorded. Sometimes Mules’s operation was 
even used for established sympathetic ophthalmia, and at others it was provoked 
by incomplete removal of the uveal tissue (Valois, 1918). Moreover the diagnosis 
of sympathetic ophthalmitis was not always correct (Grimsdale and Brewerton, 
1937), for these implants may cause a harmless sympathetic irritation (Duke- 
Elder, 1940). 

There is, in fact, no convincing evidence in the literature that scleral implantation 
causes sympathetic disease if the operation is correctly performed and the cases 
are properly selected. Selection should not be difficult. Injured eyes requiring 
removal, if hopelessly damaged or badly infected, may be eviscerated within a few 
days of the injury and an immediate or delayed scleral implant inserted; eyes 
found to need removal later as a prophylactic measure against sympathetic ophthal- 
mitis are unsuitable for scleral implantation. 


(2) POSTOPERATIVE INFECTION.—The traumatized sclera, transformed into a closed 
sac containing an implant, is particularly vulnerable to invading pathogens. 
Mules (1885) reported that “ of the first nine, the first six gave me some anxiety 
for they all suffered more or less ” from infection and he was forced to remove 
three of the implants. There are many references in the literature to abscess 
formation, necrosis of the sclera, and orbital cellulitis with its attendant dangers 
especially among elderly people whose resistance was lowered, and Frost (1885b) 
reported that he found that “ the sclera often slowly sloughs away”. Infection 
should cause no anxiety under modern conditions; nevertheless, a scrupulous 
aseptic ritual should be observed for this operation. Infected eyes should be 
eviscerated and the implant inserted later when the socket is surgically clean. 


(3) POSTOPERATIVE REACTION WITH EXTRUSION OF THE BALL.—The observation 
that “‘ a severe, dangerous and painful reaction was usual ” (Frost, 1885b) after 
this operation was repeated by many surgeons during the next 50 years. It was 
probably the chief reason that the operation was abandoned. 

Even under modern conditions of aseptic surgery, Spaeth (1944) was concerned 
by the marked reaction; it has also been the author’s experience that Mules’s 
original technique causes a very brisk reaction which is not due to infection. It 
consists of a severe conjunctival chemosis, oedema of the lids, and an increased 
tension in the scleral cavity. The orbital tissues become tense and tender accom- 
panied by a severe neuralgia of the first division of the fifth nerve. The suture 
line stretches, the stitches threaten to cut out of the softened sclera, and often the 
ball is expelled. 











ption 
itiate 
ately 
d by 


r the 
thetic 


dged 
e in- 
| was 
oked 
nosis 
rton, 
uke- 


ition 
"ases 
iring 
. few 
eyes 
thal- 


osed 
ens. 
kiety 
nove 
3CESS 
gers 
85b) 
tion 
lous 
1 be 


tion 
ifter 
was 


‘ned 
les’s 


ised 
om- 
ture 

the 








MODIFICATION AND DEFENCE OF THE SCLERAL IMPLANT 419 


The cause and treatment of this reaction has been the subject of much discussion 
in the past. 


(a) It was considered to be due to chemical irritation from the glass of the Mules’s 
ball. Many substitutes were, therefore, tried, including fat (Barraquer, 1904), lead-free 
glass (Burch, 1939), gold (Fox, 1909), and other substances, but with no success. If 
chemical irritation was a‘ factor it is now eliminated by using biologically inert material 
for the implant. 

(b) Post-operative haemorrhage into the scleral cavity has been blamed, especially 
when the removal of the uveal tissue was incomplete. Haemostasis should be secured 
before the sclera is sutured over the implant. 

(c) The poor healing qualities of the sclera were indicted and attempts were made to 
protect the suture line by sectioning the recti (Fox, 1909), retaining the cornea (Gifford, 
1900), and suturing conjunctiva and sclera in one layer (Grimsdale and Brewerton, 1937). 
Such devices were unsuccessful as the failure to heal was a secondary phenomenon. 

(d) The author was impressed in the cases he did by Mules’s method by the clinical 
resemblance of this reaction to an acute glaucoma. The condition is a tissue oedema, 
probably due to an increased capillary permeability reflexly provoked by the surgical 
trauma involved in removing the uveal tract. Such an oedema is seen after other surgical 
insults to the uvea, and moreover it does not develop after a delayed scleral implant in 
which the uveal tract has previously been removed. On the assumption that the primary 
cause of this reaction was the rise of intra scleral pressure, the author tried controlling it 
by providing two drainage holes through the sclera. He found this simple modification 
was successful in reducing the reaction to negligible proportions. 

The use of an implant perforated and guttered to equalize the pressure within the 
sclera provided with subconjunctival drainage makes the post-operative course as un- 
eventful as a simple enucleation. 


(4) INADEQUATE MOVEMENT OF THE BALL.—In the past the excellent cosmetic 
results of this operation have frequently been praised. Few surgeons have 
questioned it, but Spaeth (1944) says: 

The reason given for these operations is that motion of the stump is thereby increased 
and the cosmetic appearance of the patient improved. Practically, the author cannot 
concur in this . . . the final stump is actually smaller than that obtained by other pro- 
cedures. The scleral shell cannot contain a sphere of a size equal to one implanted 
into Tenon’s capsule. 


It is not correct that a bigger orbital implant will of necessity transmit more 
movement than a smaller one. ‘The movements of the larger Frost ball are 
restricted by its inadequate support, by surgery on the extrinsic muscles, and by 
its tendency to migrate backwards. The Mules implant on the other hand is 
firmly enclosed in a scleral envelope with normal muscular attachments and rotates 
in intra-orbital fat undisturbed by surgery. There is, therefore, little limitation 
of movement and the results are permanent. Moreover any lag due to the inertia 
of the prosthesis is more pronounced with a Frost implant for it requires the 
heavier “‘ reform ” type of eye to fill up dead space, whereas the scleral implant 
needs only a light “‘ shell” eye. A comparison of the results in a patient with 
both types of implant is given in Figs 4 and 5 (p. 417). The movement of 
the right prosthesis over a scleral implant is immeasurably better than that of 
the left after a Frost operation. 


(5) Serious DAMAGE BY THE EXPLOSION OF THE MULES BALL.—This was often 
Teported in the past as occurring either spontaneously or as the result of trauma; 
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a recent case was seen by Stewart (1952), when house surgeon to the late P. Hay 
of Sheffield. The use of the grooved implant of solid polythene eliminates any 
such danger. 





CONCLUSIONS 


Scleral implantation in theory is capable of providing a perfect foundation 
for a life-like ocular prosthesis. Nevertheless the practice of Mules’s pro- 
cedure was generally abandoned because of the dangers and failures so fre- 
quently reported. A survey of the literature makes it apparent that the 
technique employed and not the scleral implant was responsible for these 
bad results. The author has done twenty scleral implants by the method 
to be described and has found the post-operative course completely un- 
eventful. Two delayed implants, introduced some years after the eviscera- 
tion, were not retained because at that time he was attempting to introduce 
into these crumpled scleral shells the larger implant (12-20 mm.) used for 
immediate implantation. No difficulty has since been experienced with a 
smaller implant (8-10 mm. diameter) for such cases. 


SELECTION OF CASES 


The operation is contraindicated when: 

(a) the whole eye is required for pathological examination, 

(6) sympathetic ophthalmitis or an active cyclitis is established or 

threatened, 

(c) malignant disease is suspected, 

(d) severe lacerations or loss of tissue leave insufficient sclera to cover even 

a small implant of 8 mm. diameter. 

In the presence of infection, evisceration followed by a later implant is 
indicated. This procedure can also be followed if the general condition of 
the patient makes the combined operation inadvisable although the latter 
involves no more strain than a simple enucleation. 


SURGERY OF SCLERAL IMPLANTATION 


INSTRUMENTS.—Those used for Mules’s operation (except his special in- 
troducer) and a range of guttered, acrylic globes of 8 and 10 mm. diameter 
for delayed implantation and 12, 13.5, 15, 16.5, 18, and 20 mm. diameter for 
immediate implantation. They are sterilized by boiling in a metal box with 
a perforated lid.* 


IMMEDIATE IMPLANTATION.—General anaesthesia is advisable. The con- 
junctiva is cut as close as possible to the limbus, and undermined some 6 mm. 
posteriorly, and the cornea is removed as usually described for evisceration. 
With scissors, two meridional cuts are made backwards in the sclera for 
5 mm. at 5 o’clock and 11 o’clock ; these simplify the inspection and cleaning 
of the scleral cavity and enable an implant of a satisfactory size to be inserted. 





* The implants and sterilizing box have been constructed from the author’s design by Messrs. Down Bros. and Mayer 
and Phelps Ltd., 92, Borough High Street, London, S.E.1, and Messrs. Theodore Hamblin Ltd., 15, Wigmore Street, 


London, W.1. 
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The contents of the sclera are now removed and its wall cleaned. Near the 
termination of each of the meridional cuts the conjunctiva is further under- 
mined and a drainage hole of about 3 mm. diameter is excised from the 
sclera. Before introducing the implant it is convenient to insert the first 
suture. It is passed between 2 o’clock and 8 o’clock in the scleral margin 
so as to produce an oblique suture line in the direction of the meridional cuts. 
The suture is left loose, its loop drawn to one side, a few drops of sulphace- 
tamide 30 per cent. are instilled, and the implant is inserted on the introducer. 
The largest ball that can be covered easily and loosely by the sclera without 
any tension should be used. The first suture is now tied and two others are 
inserted on each side; for large eyes three on each side of the central suture 
may be required to close the gap satisfactorily. The conjunctiva is now 
sutured along an oblique line to cross the scleral suture line. Penicillin 
sulphathiazole powder is insufflated into the conjunctival sac; a pad and 
strapping are applied. 

The post-operative reaction is negligible and healing should occur without 
incident. A prosthesis can be fitted after 3 weeks. 


DELAYED IMPLANTATION.—After evisceration, the sclera becomes a 
crumpled, cicatrized, shrunken mass lying immediately beneath the con- 
junctiva. It is easily exposed, but its cavity is reformed only with difficulty, 
as the wall is indented by bands of scar tissue. No attempt should be made 
to force a large implant into the scleral shell, but no difficulty should be 
found in introducing a ball of 8-10 mm. The results are not so satisfactory 
as immediate implantation, but much better than simple evisceration. 

General anaesthesia is advisable. The operation is delayed until all in- 
fection has subsided. An oblique incision is made through the conjunctiva 
across the white scleral remnants which can be seen through this membrane. 
The scleral mass is defined by undermining the conjunctiva. An incision 
is made through the scar which marks the site of the original opening and 
the cavity reformed by introducing scissors and “ spreading” them. Diffi- 
culty is met from ridges caused by bands of scar tissue outside the sclera. 
The subsequent procedure is as above, except that the positions of the scleral 
suture line and drainage holes are determined by the shape of the scleral 
remnant. The conjunctiva is drawn together along a line crossing the 
scleral union, sulphathiazole-penicillin powder is insufflated, and a pad and 
strapping are applied. 


SUMMARY 


(1) A scleral implant in theory provides the perfect foundation for a life- 
like prosthesis. 

(2) Mules’s technique gave good results when successful, but was aban- 
doned because of certain dangers inherent in his method and a high pro- 
portion of failures. 





7 => «95 





422 W. HEDLEY SUMMERSKILL 


(3) A study of the objections to its use contained in the literature shows 
that they are not valid under modern conditions. 

(4) A proper selection of cases, the strict observance of aseptic procedure, 
the use of a deeply grooved implant of biologically inert material and the 
provision of subconjunctival drainage from the scleral cavity eliminates the 
dangers and failures associated with Mules’s original procedure. 

(5) Methods of immediate and delayed implantation are described. 


The author’s thanks are due to Mr. A. E. Barrett, S.H.M.O. of the Portsmouth Hospital Group, 
- to Mr. Frampton Jones, prosthesis fitter to the Portsmouth Eye Hospital, for their help with 
ese cases. 
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THE RIDLEY INTRA-OCULAR ACRYLIC LENS* 
A SIMPLIFIED OPERATIVE TECHNIQUE 
BY 


V. P. PATEL 


Islamia Hospital, Calcutta 


RIDLEY’S original operation for the insertion of the plastic lens (Ridley, 1952) 
involves, in my opinion, a considerable trauma to the delicate iris tissue, as 
a result of which post-operative tissue reaction is so marked that the exudates 
deposited on the surface of the implanted lens require a very long time to 
absorb. The psychological effect of this on an average patient is not good. 
To make the Ridley lens implantation operation more popular and easy, 
so that an average ophthalmic surgeon can perform it without hesitation, a 
technique has been evolved which fulfils the following requirements: 


(a) It is simple in manipulation. 

(6) It involves no additional trauma to the iris tissue, other than that of a normal 
cataract extraction. 

(c) It ensures early restoration of sight. 


(d) It requires only a short post-operative period for recovery. 


Technique 
Anaesthesia.—Facial nerve block and retrobulbar analgesia. 


Operation.—The intial steps are the same as Ridley’s until the insertion of the 
plastic lens beneath the lower part of the pupil and the release of the grasp of the 
forceps. Now the inner corneal suture is tied and cut. The outer suture is also 
tied, but only the first half of the knot, the free ends being held by the surgeon 
in one hand. 


A fine lacrimal sac irrigation cannula, used with an undine irrigator, is inserted 
into the anterior chamber, and the iris is very easily brought forward over the 
plastic lens by means of the fine jet of sterile saline emerging from the cannula. 
The tip of the nozzle may also be used to manipulate the position of the plastic 
lens. The final knot of the lateral suture is then tied and the operation completed. 


REFERENCE 
Rip.ey, H. (1952). British Journal of Ophthalmology, 36, 113. 





* Received for publication March 20, 1953. 
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FLICKER STIMULATION IN AMBLYOPIA* 


BY 


GERALD PARSONS-SMITH 
Western Ophthalmic and West London Hospitalst 


PROVIDED that the pathways are intact, it is possible to alter the normal 
electrical activity of the cerebral coriex by illuminating the retina with a 
flickering signal. The cortical responses are varied and depend upon the 
trate of the flicker. If the frequency of the stimulating signal is exactly the 
same as the patient’s alpha rhythm, or harmonically related with it, the 
stability and voltage of the alpha rhythm will be enhanced. When there is 
only a small difference in rate between the flicker and the alpha rhythm, e.g., 
one or two cycles, the alpha rhythm will follow the speed of the signal and 
be driven by it temporarily at the new rate. At other stimulating frequencies 
the response by the cortex varies from case to case. At some rates the cortex 
may be able to keep pace with the flicker, whilst at others this is not possible. 
Either the cortex appears to be able to ignore the flicker so that its normal 
activity continues, or else it resents the flicker and the alpha rhythm becomes 
suppressed. In certain cases very abnormal cortical rhythms may be pro- 
duced. Thus, in those patients who have an abnormally low threshold to 
epilepsy, the typical high-voltage electrical outbursts of this condition may 
be evoked by flicker stimuli applied at certain rates which may be specific 
for each patient. Any lesion in the eye, optic nerve, tract, or cortex would 
modify these changes, and if gross enough would prevent them. 

Wald and Burian (1944) considered that in amblyopic vision the entire 
apparatus of light perception and spatial localization is normal, whilst that 
part subserving the highest visual function of pattern vision is defective. 
They showed in severe cases of amblyopia that the absolute light threshold was 
normal both at the fovea and in the periphery, in light and dark adaptation, 
and that the capacity to localize luminous points was also normal. It has 
been shown that the activity of the cerebral cortex may be abnormal in 
patients suffering from neuro-ocular pathology (Levinson and others, 1951), 
and pathological cortical rhythms have been found in amblyopia (Dyer and 
Bierman, 1952; Parsons-Smith, 1953). In view of these facts, and of the 
known effects of flicker stimuli acting through the normal visual apparatus, 
it seems likely that flicker studies in patients with amblyopia may throw 
further light on the mechanism and site of the process which results in the 
visual extinction. 





* Received for publication February 27, 1953 
+ In receipt of a grant from the Dan Mason Research Foundation, West London Medical School 
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Material 


Fifty children suffering from strabismus with amblyopia have been subjected to flicker 
stimulation at various frequencies. The cases were consecutive ones attending the 
orthoptic department at the Western Ophthalmic Hospital (St. Mary’s Hospital). Their 
ages ranged from 5 to 12 years. The children were all undergoing orthoptic treatment 
and had previously undergone routine electro-encephalographic study at the West London 
Hospital (Parsons-Smith, 1953). 


Method 


A standardized white light flicker routine was followed in every case. The electroence- 
phalogram was recorded on a 6-channel Grass machine whilst the child lay in a quiet room. 
The eyelids were open between the various signals and were then closed at the same time 
as the stroboscope was switched on. The flicker signal was first directed at the amblyopic 
eye whilst the sound eye was covered with an opaque black eyeshield. The procedure was 
next reversed so that only the sound eye was stimulated. Finally both eyes were stimu- 
lated together. The length of each signal was approximately 5 seconds. The initial 
flicker frequency was chosen to be at twice the rate of the patient’s alpha rhythm, and this 
had to be determined in each case. After a rest of 10 seconds the next signal was at 
twice the alpha rhythm minus three cycles per second (c/s). Another 10-second rest was 
followed by a signal of twice alpha + 3 c/s, and then twice alpha +6 c/s. Thus, if the 
alpha rhythm was 9 c/s, the flicker signals were at frequencies of 18, 15, 21, and 24 c/s. 
Finally, in each position, the effect of a roving frequency signal was employed. This 
started at 2 c/s, increased to 24 c/s, and then returned to 2 c/s, the time taken for the scan 
being 20 seconds. Excerpts from E.E.Gs are seen in Figs 1 to 3. In each will be seen 
six lines, or leads. The top lead, Lead 1, indicates the speed of the flicker signal as picked 
up by a photo-electric cell placed on the child’s forehead and then recorded on the E.E.G. 
The positions of the electrodes over the skull are indicated in the diagram in the top 
left hand corner, and the visual acuity of the eye at which the flicker signal is directed is 
recorded in the centre of this diagram. ‘“‘ B.E.” indicates that both eyes were stimulated 
together. In every case Lead 2 records the potential differences between the two hemi- 
spheres, Leads 3 and 5 are from the right hemisphere, and Leads 4 and 6 are from the left. 
In the bottom left-hand corner the length of the horizontal part of the line represents a 
paper speed of 1 second, and the height of the standardized vertical line, a signal of 50 
microvolts (v). 


Results 


Four varieties of flicker response by the cerebral cortex of children suffering 
from amblyopia have resulted from this routine technique. Two of the responses 
are similar to those seen in normal subjects, whereas the other two have not been 
described previously and appear to be directly linked with the process of visual 
extinction. 

In 34 cases (68 per cent), no unusual alteration of the cortical rhythms was 
produced when the flicker was directed at each eye in turn or at both eyes together. 
The cortical rhythms continued undisturbed, or occasionally showed a minimal 
follow, or at certain frequencies were suppressed symmetrically over both hemi- 
spheres. This is a normal finding and further commentary is unnecessary. In 
seven cases (14 per cent), the cortical frequencies followed exactly the rate of the 
flicker signal when applied to each eye in turn, and the cortical response 
was symmetrical. An example of this can be seen in Figs 1(a) and 1(5), where it 
can be observed that a flicker signal of 15 c/s directed first to the amblyopic eye 
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Fic, 1(a).—Girl aged 9 (16.7.51). Flicker stimulation at 15 c/s to amblyopic eye 
producing 15 c/s activity over occipital lobes. 
Electrode placing, standardization, etc., for all figures is described in the text. 
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Fic. 1(6).—Flicker stimulation to sound eye. Similar response. 
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Fic. 2(a).—Girl aged 8 (18.6.51). Flicker stimulation at 15 c/s and 18 c/s to ambly- 
opic eye does not alter alpha rhythm. 
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Fic. 2(6).—Flicker stimulation at 15 c/s and 18 c/s to sound eye has suppressed the 
alpha rhythm. 
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Fic. 3(a).—Girl aged 12 also suffering from epilepsy (23.10.51). Flicker stimulation 
at 15 c/s to both eyes has produced high voltage epileptic activity over cortex. 
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Fic, 3(b).—Flicker stimulation at 15 c/s to sound eye has produced epileptic activity. 
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Fic. 3(c).—Flicker stimulation at 15 c/s to amblyopic eye has produced no change in 
resting cortical activity. 


and then to the sound eye resulted, on each occasion, in a symmetrical occipital 
response at the same frequency. This type of cortical follow is frequently evoked 
in normal subjects at certain frequencies. It appears to depend on a relationship 
between the signal and the alpha rhythm, the rates being specific in each patient. 
No significant connection was found between the various responses seen in the 
E.E.G. and the degree of the amblyopia. Thus, some children with severe ambly- 
opia were found to have a good follow to the flicker signal either with the amblyopic 
or with the sound eye. Similarly, the abnormal cortical reactions which are to 
be described were evoked both in the presence of mild and severe degrees of 
amblyopia. 

In four cases the alpha rhythm was suppressed when the sound eye was stimu- 
lated, but was able to persist when the flicker was directed at the amblyopic eye. 
An asymmetrical response of this sort does not occur in normal subjects. In 
Fig. 2(a) it can be seen that, when the flicker stimuli of both 15 and 18 c/s were 
directed at the amblyopic eye, the alpha rhythm arising over the posterior parts of 
both hemispheres persisted, whereas when the same signals were directed at the 
sound eye (Fig. 2b) the rhythm became suppressed. In a Case with normal vision 
and intact pathways this suppression response may occur, but it will be the same 
whether the right or the left retina is stimulated. The fact that the alpha rhythm 
was suppressed over both hemispheres when the sound eye was stimulated, but 
persisted when the amblyopic eye was stimulated, would suggest that the flicker 
signal was blocked by a cortical or an extracortical lesion. 

In three cases, who were known to have fits, outbursts of epileptic activity were 
evoked all over the cortex when the sound eye was stimulated, but the same signals 
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to the amblyopic eye caused little or no disturbance. This asymmetrical response, 
which has not been described previously, can be seen in Figs 3(a, b, c) which are 
excerpts from the records of one of these children. 


Case Report 
This child, a female aged 12, was first noted to have a squint at the age of 6 months, 


She was one of three siblings. There was no family history of strabismus or of epilepsy. 
She had always been of very unstable disposition and between the ages of 4 and 7 had at 
times been quite intractable in attacks, which from the clinical description, were epileptic 
equivalents, Except for these attacks of disordered behaviour, there was nothing to 
suggest epilepsy and no abnormalities were discovered on neurological testing. She first 
attended the orthoptic department at the Western Ophthalmic Hospital on 8.3.51. She 


did not have binocular vision, nor did she respond to occlusion therapy. The visual 
acuity in the right eye was 1/60, with eccentric fixation, and in the left eye 6/6. The 


asymmetry of the flicker studies which were made on 13.6.51 and on 23.10.51 was striking. 
Excerpts from the second experiment are seen in Fig. 3 (a,b,c). She clearly had a low 


threshold to epilepsy, as high-voltage bursts of epileptic activity were produced all over 
the cortex as soon as the signal of 15 c/s was directed at both eyes together (Fig. 3a). A 
similar response had been produced when the same signal was directed at the sound eye 
only (Fig. 36), but when it was directed at the amblyopic eye only, the resting cortical 
activity continued unaltered and no epileptic bursts resulted (Fig. 3c). 


Discussion 

Flicker studies in this series of amblyopic children have shown that, in the 
majority of cases, the cortical response was the same whether the amblyopic 
or the sound eye was stimulated. Various types of response to the flicker 
signal were encountered, all of which must be dependent upon normally 
functioning pathways and connections. These findings would support the 
conclusions of Wald and Burian (1944) that in amblyopia the entire apparatus 
of light perception and spatial localization is normal, whilst that part sub- 
serving the highest function of pattern vision is defective. 

In a smaller group of amblyopic patients, however, the response to flicker 
stimulation was different, and perception of light was involved in addition to 
the defect in pattern vision. No other clinical abnormality could be demon- 
strated in the affected eye in these children, and the cortical responses to 
flicker stimuli directed at both eyes simultaneously were symmetrical. Yet, 
when the stimulus was directed at each eye in turn, the cortical response was 
different. When the sound eye only was stimulated, either the excitatory or 
the inhibitory response described above was obtainable over both hemispheres 
but neither response was evoked when the signal was confined to the ambly- 
opic eye. 

Since it has been shown that the cortex was capable of responding to the 
signal if it received it, the light signal appears to be modified in certain 
amblyopic children, either by a diffuse cortical lesion directly connected 
with the affected eye or by a more discrete lesion within the pathways from 
that eye. Further study is required to determine the precise site of such a 
lesion. 
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Summary 


Fifty children with amblyopia associated with strabismus were subjected 
to flicker stimulation. 

In the majority of cases the visual extinction appeared to be brought about 
by active cortical suppression. 

In some cases, however, a different mechanism exists, 
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SECONDARY GLAUCOMA DUE TO SPONTANEOUS 
RUPTURE OF THE LENS CAPSULE* 


BY 
F. S. HUBBERSTY anp J. S. GOURLAY 
From the North Riding Infirmary, Middlesbrough, Yorkshire 


GIFFORD (1900) remarked : 

It may be safely said that while everyone would develop a senile cataract if he lived 
long enough ; so also would everyone obtain a spontaneous cure, if life were sufficiently 
prolonged. 

The frequency with which the spontaneous cure of senile cataract is 
complicated by glaucoma was noted initially by Szily (1884), and glaucoma 
occurred in eight and iritis or iridocyclitis in three of the 34 cases discussed 
by Reuss (1900). 

Gifford (1900) described four cases of spontaneous cure of cataract, in 
three of which the vision had been lost through glaucoma. Nevertheless, 
during the following 18 years he encountered only four more cases. 

Recently Sugar (1949), when reporting three cases of glaucoma following 
rupture of the lens capsule, mentioned that this condition was not included 
in his elaborate and comprehensive classification not only because he had 
never encountered this condition, but also because of the difficulty in de- 
termining the cause of glaucoma. 

Instances of this condition are cited also by Rollet and Genet (1913), 
Gonzalez (1919), Daily (1933), and Knapp (1937). 


Case Reports 


In the last 2 years, four cases of glaucoma secondary to rupture of the lens 
capsule have been encountered: 

(1) Male, aged 77, attended on December 18, 1950. The right eye had been painful for 
the past month and when examined showed circumcorneal injection with corneal oedema 
and raised tension (45 mm. Hg Schiétz). The anterior chamber was full of scintillating 
particles and also presented the appearance of a hypopyon. The vision was reduced to 
perception of light. Cataract extraction had been performed on the left eye some years 
before, and visual acuity was 6/9 in the left eye with correction. 

Paracentesis was performed with a fine hollow needle and many cholesterol crystals 
were identified in the aspirate. On the following day gonioscopy was attempted but 
was not practicable owing to rapid onset of corneal oedema. Paracentesis was again 
performed. 

On December 22 an intracapsular cataract extraction was successfully performed by 
one of us (F.S.H.) and an uneventful convalescence ensued. The immediate visual 
result was 6/60, but 4 months later this had improved to 6/18 despite definite pallor of the 
optic disc. 


(2) Male, aged 75, attended on January 6, 1952, complaining of pain in the left eye of 2 
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days’ duration. Before this, vision had been reduced to perception of light by a cataract 
which had been present for some 20 years. The eye was convergent. There was 
considerable ciliary congestion and corneal oedema with a raised ocular tension (55 mm. 
Hg Schi6tz), but the striking feature was that the anterior chamber was completely filled 
with a milky fluid. The condition improved markedly with atropine and heat; when 
the eye was examined subsequently by one of us the lower half of the cornea was rendered 
opaque by coalescing spots of white debris, and numerous iridescent crystals were circu- 
lating in the anterior chamber. The vessels of an atrophic iris were markedly engorged 
and the diagnosis was made of a ruptured hypermature cataract. Four days later the 
tension had returned to normal. Gonioscopy showed the filtration angle to be widely 
open and many glistening crystals were seen to be enmeshed in the trabeculum. Para- 
centesis confirmed that the crystals seen were cholesterol. The protein content of the 
aqueous was high. Intradermal injection of fresh lens protein gave negative results. 

Subsequent progress was uneventful and at the time of discharge the capsule was 
shrunken and opaque and still contained a residue of lens matter. No rent was seen— 
at this stage. 

This patient was seen again recently with a recurrence of the glaucoma and two small 
rents were noted in the anterior capsule through which lens matter was escaping. 

Since the inflammation and the rise in tension again rapidly subsided with atropine 
and heat, operative intervention was felt to be unnecessary. 


(3) Female, aged 83, was admitted on January 24, 1952, with a subacute secondary 
glaucoma in the left eye which had been cataractous for some years. The right eye was 
aphakic. The affected eye showed moderate dilatation of the pupil, a steamy cornea, and 
a pseudo-hypopyon. When the cornea was cleared with glycerine many shimmering 
particles were observed in the anterior chamber together with a doubtful dehiscence of 
the capsule at 6 o’clock. Paracentesis was performed, and the aqueous was found to 
contain many cholesterol crystals and much protein. Gonioscopy could not be performed 
owing to the rapid rise in tension and a turbid aqueous. The following day an extra- 


capsular cataract extraction was performed, in the course of which the tiny nucleus 
became lodged under the iris at 12 o’clock and a complete iridectomy became necessary 
to facilitate delivery. 

During convalescence, which was uneventful, intradermal injections of fresh lens 
protein were made with negative results. 

On discharge, a fortnight later, the eye was white, the fundus appeared normal, and the 
visual acuity was 6/18 with correction. 


(4) Female, aged 60, was sent into hospital on August 2, 1951, with a diagnosis of 
acute glaucoma. She was a known diabetic and had undergone a cataract operation on 
the right eye at the age of 46. The corrected visual acuity in the right eye was 6/12. The 
sight in the left eye had gradually failed and it had been virtually blind for some years. 

After a number of transient premonitory attacks this eye had become painful and 
congested 10 days earlier, and on admission the diagnosis of glaucoma was confirmed, the 
iris showed tangential vascularization, and the small brown lens nucleus lay at the bottom 
of the anterior chamber. Slit-lamp examination revealed a wide horizontal rent in the 
capsule. ; 

The tension resolved under eserine and on the following day the nucleus was removed 
through a keratome incision by one of us (J.S.G.) under pantocaine anaesthesia. Despite 
good eserine miosis, the iris dilated on withdrawal of the keratome and the nucleus 
promptly vanished through the pupillary aperture. The patient was turned over, and 
the nucleus reappeared and was removed by a vectis. 

Convalescence was uneventful, and despite partial occlusion of the pupil by the anterior 
lens capsule which lay rolled up horizontally like a glass membrane, together with marked 
pallor and cupping of the optic disc, the corrected vision was 6/24. 
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Discussion 

It is probable with an ageing population that this condition will be en- 
countered more frequently than in the immediate past, although it would not 
appear to have been uncommon in the terminal decades of the 19th century, 
when Gifford (1900) stressed the danger of leaving a cataract to become 
hypermature. 

Depending on two factors, the site and extent of the capsular dehiscence 
and the state of the capsular contents, the clinical picture will vary between, 
on the one hand, a quiet symptomless absorption of the lens, in all probability 
through a minute rent in the posterior capsule, and, on the other hand, mass 
expulsion of degenerate lens matter into the anterior chamber with immediate 
and arresting consequences. 

The appearance of a hypopyon in a congested and glaucomatous eye which 
has been blind for years is not encouraging, and if the condition is unrecog- 
nized will almost certainly result in loss of vision and probably of the eye 
itself. But as Rychener (1950) remarked in a recent symposium on 
secondary glaucoma : 

One is always hesitant to do an intra-ocular procedure on an acutely inflamed eye. 
Some such hypermature cataracts will cause inflammatory symptoms due to dehiscence 
of the lens capsule or actual rupture of the capsule. One may see such eyes before 
glaucoma complicates matters, and removal of the lens should be done at once. If 
glaucoma is present and the pressure is under 40 mm. Hg Schi6tz, I do not hesitate to do 
a combined extraction. As a matter of fact, I have seen some eyes lost to malignant 
glaucoma which might have been salvaged if the surgeon had been less timid. Some 
such eyes have an exudate in the anterior chamber resembling hypopyon. It is amazing 
how such eyes clear with removal of the hypermature cataract. 

In the four cases reported above, paracentesis was found to be of con- 
siderable assistance in effecting temporary lowering of tension, in evacuating 
irritant material which obscured the eye, and for diagnostic purposes. The 
tension, however, usually rises again quite soon with the extrusion of further 
lens matter into the anterior chamber. In Case 3 it was felt that no 
useful purpose was to be served by further operative intervention on a 
convergent eye ; but in two instances removal of the hypermature cataract 
was effected with gratifying results. The lens nucleus in these cases is 
usually very small and an extra-capsular extraction through a small incision 
would appear to be the best method. 

Sugar (1949) is of the opinion that the many cases of spontaneous absorp- 
tion of cataract reported in the literature may in all probability be attributed 
to a rent in the posterior lens capsule, and that the particles of lens matter 
are held back by the zonule. The frequent occurrence of glaucoma and 
uveitis in these cases strengthens this view. Cases of rupture of the anterior 
lens capsule are few, and three possible causes are suggested for the 
accompanying glaucoma : 

(1) Chemical irritation due to the toxic by-products of lens hydrolysis. 
(2) Increased osmotic pressure. 
(3) Mechanical obstruction affecting the aqueous outflow. 
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The first he regards as the only common factor in his three cases, and these 
are accordingly classified as secondary glaucomas under Group 1 (overpro- 
duction of aqueous resulting from irritation of the ciliary processes). 

According to Duke-Elder (1940), the tension is probably due to congestion 
which is principally neuro-vascular and possibly allergic, aided by minor 
blockage of the drainage channels. 

In the only case reported above which permitted gonioscopy, the filtration 
angle was seen to be widely open. Davson (1949), in discussing lens proteins, 
points out that in the normal lens the f and y crystallines neutralize the « 
crystallines, and consequently lens rupture is not followed by an immune 
reaction. If, however, this balance is upset, i.e. in cataract, the individual 
may become sensitized to the « crystalline and a further injection of lens 
protein may lead to an anaphylactic response. 


Differential Diagnosis.—The very acute cases in which the anterior chamber 
is suddenly flooded with liquefied lens cortex may resemble purulent endoph- 
thalmitis. A history of blindness due to cataract of several years’ duration 
and a light grey colour of the contents of the anterior chamber suggest a 
rupture of the lens capsule. After aspiration of the aqueous it may be 
possible to see a rent in the capsule, and microscopic examination of the 
aqueous may show cholesterol crystals derived from degenerate lens cortex. 
The more chronic cases resemble cyclitis with secondary cataract. Deposits 
on the back of the cornea due to inflammation are sometimes very hard to 
distinguish from deposits of lens matter, and the diagnosis depends largely 
upon the finding of a hole in the lens capsule. 


The foregoing experience has led us to warn patients, as did Gifford 
(1900), of the danger they run in allowing a cataract to become hypermature, 
and we advise such cases to undergo early operation whether or not a 
cataract has been removed from the other eye. 


Summary 
(1) Satisfactory operative results are described in three out of four cases of 
secondary glaucoma due to spontaneous rupture of the anterior lens capsule. - 
(2) It is recommended that whenever possible this condition should be 
anticipated by removal of the hypermature cataract. 


We wish to express our obligation to Mr. A. E. P. Parker for permission to record two cases. 


REFERENCES 


Dairy, R. K. (1933). Sth. med. J., Bgham, Ala., 26, 396. q 
Davson, H. (1949). “‘ The Physiology of the Eye.’ Churchill, London. 
Duxe-Exper, S. (1940). ‘‘ Text-book of Ophthalmology”, vol. 3, p. 3171. Kimpton, London. 
GirrorD, H. (1900). Amer. J. Ophthal., 17, 289. 

GonzALez, J. de J. (1919). Jbid., 2, 743. 

Knapp, H. C. (1937). Jbid., 20, 820. 

Reuss, A. VON (1900). Zbl. prakt. Augenheilk., 24, 33. 

Router and Genet (1913). Rev. gén. ophtal., Paris, 32, 1. 

RYCHENER, R. O. (1950). Amer. J. Ophthal., 33, 1666. 

Sucar, H. S. (1949). Ibid., 32, 1509. 

Sziry, A. (1884). Zbl. prakt. Augenheilk., 8, 17. 





Brit, J. Ophthal. (1953) 37, 436. 


THE MEASUREMENT OF CORNEAL THICKNESS AND 
ITS APPLICATION TO KERATOPLASTY* 


BY 


A. LISTER, A. S. PHILPS, anp M. LANGHAM 
Institute of Ophthalmology, London 


OnE of the main problems of corneal surgery is presented by variations in 
thickness of the pathological cornea. In the realm of penetrating kerato- 
plasty undue overall thickness or thinness of the recipient cornea may jeopar- 
dize the chances of a clear graft, or local variations in thickness may influence 
the choice of the size of the graft so as to ensure that its edge may have 
adequate support throughout the circumference. In lamellar keratoplasty, 
the thickness of the portion to be removed is obviously dependent partly on 
the depth of the opacity and partly on the thickness of the tissue which it is 
safe to remove without perforation. The same applies to keratectomy. 

Modern corneal trephines, such as that of Franceschetti, make it a matter 
of no great difficulty to gauge accurately the depth of penetration in any of 
these operations. The difficulty is not, so to speak, how far to go but 
knowing how far to go. In some cases, of course, the opacity is too dense 
to allow any measurement of its thickness. In the majority, however, there 
is sufficient transparency for the optical section to be seen with the slit lamp 
and its depth estimated. Estimation of the approximate depth of the optical 
section of the cornea by “‘ eye ” is not usually difficult, but estimation to the 
nearest tenth of a millimetre, which is necessary in situations such as those 
mentioned, requires a more precise method. 

The method employed by the authors is that devised and described by 
Maurice and Giardini (1951), from whose paper the following slightly 
modified quotation is taken: 

The apparatus (Figure) consists essentially of a 4” perspex plate mounted behind the 
slit-lamp lens, that is, between the lens and the slit. A transverse cut about 1 mm. wide 
is made centrally across this plate with a saw, and this is covered with a thin strip of 
coloured celluloid. The plate may be rotated by an arm which moves over a scale 
fixed to a mount fitting snugly over the slit-lamp arm, on which it is located by the two 
screws normally present. 

The slit lamp is adjusted so that a narrow slit is focussed on the cornea, and the 
light, on direct reflection at the corneal surfaces, passes up the axis of the microscope. 
In this way two optical sections of the cornea will be seen on looking into the micro- 
scope, a normal “‘ white ’’ one, which is displaced in the field of view as the perspex plate 
is rotated, and a less intense coloured one, virtually restricted to the epithelial reflex, 
which remains stationary. To carry out a determination, the plate is rotated until the 
white endothelial reflex is brought into alignment with the coloured epithelial reflex 
with which it is comparable in brightness. The angle of rotation is a measure of the 
corneal thickness and is interpreted as such by reference to a graph. 


* Received for publication March 17, 1953. 
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CORNEAL THICKNESS AND KERATOPLASTY 


Ficure.—General view of the optical apparatus for measuring the 
corneal thickness (Maurice and Giardini, 1951). 


By this method the thickness of any part of the cornea, provided it is 
sufficiently transparent, can be simply and quickly measured. 


Case Reports 
The following case notes illustrate the application of the method : 


(1) This patient had been a miner until 1948 when a mine explosion destroyed his right 
eye completely and gravely damaged the left, many particles of foreign matter penetrating 
inside the globe. 

Examination.—In 1952 the state of the left eye was as follows: 

Vision—hand movements; 

Cornea—fairly dense opacities due to multiple perforations, and a few clear areas 
where the cornea had been protected by the lid. 

Iris—missing above. 

Lens—missing. 

Treatment.—Because of the aphakia and the near certainty that after so many perfora- 
tions of the globe the vitreous would be fluid, a penetrating graft could not be done, and 
an 8 mm. lamellar graft to a depth of 0.4 mm., i.e. the safe depth for a normal cornea, 
was performed in February, 1952. Much corneal opacity had to be left behind and his 
vision was hardly improved, though he could sometimes count fingers. It was felt that 
something more should be attempted and the development of corneal measurement 
offered the chance of a better lamellar graft. Measurement of the cornea showed it to be 
0.7 mm. thick in the centre and 0.8 mm. at the periphery, so that a fresh graft to a depth 
of 0.6 mm. could be introduced. 

Results.—The patient is now convalescent and it seems evident that his vision is going 
to be much improved by this second operation. 


(2) A somewhat similar case was one of sympathetic ophthalmitis. The exciting eye 
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had been removed, and the sympathizing eye had a semi-opaque cornea. An initial 
lamellar graft was ineffective because it did not allow for the gross thickening of the 
cornea. A subsequent 0.6-mm. thick graft was therefore introduced into a bed whose 
depth was 0.9 mm.—with greater chances of success. To have opened the anterior 
chamber in a sympathizing eye would have carried a grave risk of exciting further inflam- 
mation. Accurate measurement of the cornea reduced this risk to a minimum while 
allowing a maximal depth of penetration. 

(3) A woman, aged 39, had had bilateral corneal nebulae since an attack of measles 
at the age of 14 years. Vision was 2/60 in the right eye and 6/60 in the left. 

It was evident that her corneae were thin and examination of the right eye gave measure- 
ments of 0.2 mm. in the centre and 0.3 mm. at the periphery, increasing to 0.5 mm. at the 
corneo-scleral margin. A penetrating graft to succeed would have to be 9.0 mm. in 
width and a sub-total penetrating graft of that size carried a very definite risk to the eye. 
The opacities were deep as well as superficial, but a preliminary 9.0 mm. tectonic lamellar 
graft has been applied to bring the cornea to normal thickness, as a preparation for a 
subsequent smaller penetrating graft. 

(4) A girl aged 23 had sustained a lime burn of the right cornea 4 years previously. 
After prolonged treatment which included a tarsorrhaphy and later a keratectomy, the 
eye was quiet and ready for grafting, but, in view of the bad prognosis for grafts following 
lime burns, it was considered wisest to make the graft a lamellar one. Measurement 
showed the thickness of the cornea to be between 0.6 and 0.65 mm. except at one point 
near the centre where it was 0.48 mm. To avoid perforating, a 6 mm. lamellar graft 
0.45 mm. in thickness was introduced. Measurement 2 weeks later showed the graft to 
be 0.52 to 0.56 mm. in thickness and its bed to be 0.15 mm. The apparent increase in 
thickness is accounted for by post-operative swelling. The bed of the graft was trans- 
parent though vascularized and the ultimate corrected vision was 6/9 (from counting 
fingers). 

(5) This patient was suffering from mustard keratitis, the left eye being blind. A 
lamellar graft to the right (good) eye became partially detached, and removal of the 
raised portion left a thin but relatively clear area of cornea with considerable visual 
improvement. It was hoped that removal of the remainder of the graft which was semi- 
opaque would bring about further improvement. The area of the second portion of 
cornea to be removed and its depth were carefully charted, and what would otherwise be a 
matter of hazardous guesswork was thus given precision and relative safety. 

(6) A final case is worthy of mention because pre-operative measurement was omitted 
with nearly disastrous results. The patient was a young Indian in whom a Mooren’s 
ulcer had left a thin semi-opaque cornea. A preliminary lamellar graft was proposed, 
to be followed probably by a penetrating one. The cornea was thinner than was expected 
and an extensive perforation was made with a trephine at its first turn. Since a penetrating 
graft on such a thin cornea would only have made matters worse the operation was 
abandoned after closing the perforation with direct sutures. 


These examples of cases in which corneal measurement has and has not 
been employed demonstrate the added safety which it gives to keratoplasty. 
Furthermore, post-operative as well as pre-operative measurement provides a 
gauge of both instrumental and technical accuracy which must lead to im- 
provement in method besides adding to the interest of the operation. The 
technique also provides a promising means of studying at least one aspect 
of the post-operative behaviour of grafts. 
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A SPEED-OF-PERCEPTION MEASUREMENT APPARATUS* 


BY 


J. C. NEELY 
Consultant in Ophthalmology, Royal Air Force 


THIS instrument (Fig. 1), originally called the Accommodation Tachometer, 
was built to our request in 1950 at the Royal Air Force Technical Research 
and Development Section, from the design of Mr. Palmer. The parent idea 
is not original (Robertson, 1935; Ferree and Rand, 1936), but the apparatus 


Fic. 1.—Exterior of apparatus showing position of patient and operator. 


appears to be so. It 
was desirable that the 
machine should be port- 
able so that it could be 
used in a decompression 
chamber and in a pas- 
senger-carrying aircraft. 


. Apparatus 

By means of ten reflecting 
mirrors (Fig. 2), the far object 
is seen at a distance of 22 feet, 
whilst the near object is 
viewed directly at a distance 

Fic. 2.—Interior of apparatus showing position of mirrors 12 feet. t 
and electronic timing device. Since candidates with an 
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uncorrected vision of 6/6, 6/9 and 6/12 were to be the subjects of this investigation, the 
letters used for the distant objects were made comparable with those of the Snellen chart. 
The near object letters were made equal in both size and contrast (which conformed 
to that given by a black letter on a bright background) to the near type equivalent of 
Snellen’s 6/6 line. 

Formerly, separate slides were made, but in order to maintain the patient’s attention and 
to keep his eyes focused on the near object, or relaxed for the distant object, it was found 
necessary to be able to change the target smoothly and easily. The letters were therefore 


Fic. 3.—Letters used for dis. 
vance test, photographed on 
a 35 mm. film strip. 


photographed on a 35-mm., film strip (Fig. 3). A light metal carrier was constructed to 


hold the appropriate letter in the target area and to enable the operator to slide different 
letters into position (Fig. 4). For experimental and demonstration purposes, targets of a 


Fic. 5.—Photographic representation of 

an altimeter. The settings can be altered 

Fic. 4.—Metal carrier holding a near- by means of the perspex wheel shown 
object letter in the target area. on the right. 


more practical nature were also constructed. To provide realism a photographic repre- 
sentation of an altimeter (Fig. 5) and an illuminated runway (Fig. 6) were chosen; the 
boundary lights of the latter roughly subtend the same inside angle as the letter A on the 
6/12 line of the Snellen chart. By means of perspex 
wheels the altimeter settings can be altered as in an 
aeroplane coming in to land, and the runway can 
be moved so that it appears to be inclined to one 
side or other of the vertical. In the original 
Fic. 6.—Illuminated runway in machine, spring-loaded shutters were used to measure 
diagrammatic form, showing pers- the interval of time taken by a subject to adjust his 
pex cog-wheels controlling its | COnvergence and accommodation. 
position. For many years it has been known that a measure- 
ment of the speed rather than of the power of 
accommodation can afford clinical evidence of the performance of a function which is 
mainly connected with the relaxation and contraction of the focusing apparatus of 
the human eye (Robertson, 1936). In the adjustment of vision from near to far, and 
in the reverse direction, very many factors are involved. The duration and size of the 
stimulus, the intensity of the light, the size of the pupil and the area of the retina receiving 
the stimulus will all influence the speed of perception. Natural ability and concentration 
will again cause individual variations (Strughold, 1949). Although the various factors 
involved, such as the latent period of the retina and cortex (Adrian and Matthews, 1927, 
1928), can and have been separately studied, practical considerations in relation to pilots 
would point to the total time taken to perceive a near or distant object as being of greater 
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jmportance, particularly in these days when the speed of flight is associated with that of 


sound. 

The convergence/accommodation power is known to be affected by certain drugs and 
by conditions involving great physical and mental strain. During the late war an attempt 
was made to assess the onset of operational fatigue in aircrews by means of repeated 
clinical examinations. Among a number of tests for ocular function, the deterioration 
in the convergence /accommodation power was found to afford some evidence of fatigue, 
and it was suggested “ that tests of accommodation were sensitive indicators of the 
re-actions of men to the exceptional stress of their environment at that time ” (Reid, 1949). 

It seems that a precise measurement of the speed of perception might more nearly 
reflect the loss of nervous tone and the onset of fatigue than any other short term clinical 
method. 

Since, at the present time, there are no operational tours on which the same aircrew 
may be exposed night after night to the peculiar dangers of war, the apparatus was used 
during night operational exercises held by the R.A.F. Sqn.-Ldr. M. F. P. Marshall, who 
undertook this particular investigation, found that although increasing fatigue adversely 
influenced the speed of perception, the finer degrees were difficult to measure. 

At his suggestion, an electronic timing device (Figs 2 and 7) was fitted. Data supplied 


Fic. 7.—Control panel of electronic timing 
device. 


A—Switch controlling illumination of 
near and distant objects: (1) Green 
bulb indicating near position. (2) 
Red bulb indicating distant position. 

B— Press-button actuating electronic 
timing device. 


{Time control (sec.). 


by the General Electric Company Research Laboratory shows that the incandescence 
time of 230v. 40w. lamps is of the order of 0.04 sec. and that the nigrescence time is 
0.02 sec. The target is thus visible for approximately 0.02 sec. shorter than is indicated. 
The settings range from 2 to 0.25 sec. in intervals of 0.1 sec. 


Method of Use 

The near and distant objects are first shown to the candidate. By means of the elec- 
tronic device the distant object is then illuminated and the time during which the near target 
will be visible is selected. When the button is pressed the near target is exposed for the 
given interval of time after which the distant object automatically comes into view. 

An exposure of 0.8 sec. is first selected and this is reduced by 0.2 sec. until the candidate 
is unable to recognize the near letter. A second attempt,is then allowed ai the same 
speed. If the candidate fails again, his speed of perception (distant to near) is recorded 
as the fastest time in which he could just recognize the near letter. If on the second 
attempt he calls the near letter correctly he is then tested on an exposure speed 0.2 sec. less. 

Between each attempt the letter in the near target, and afterwards the letter in the 
distant target, is altered. This prevents any prefixation in space to the near position. 
The whole procedure is then reversed and the speed of perception is measured from near 
to far. 

In order to record on this apparatus the average speed of perception of different age 
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Fic. 8.—Average perception time for different age groups. 
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Fic. 9.—Speed of pérception related to maximum power of accommodation 
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Fic. 10.—Speed of perception related to muscle balance (measured on Maddox 
rod at 6 m.). 
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groups both from near to far and vice versa nearly 1,000 men were examined by Ft.-Lieut. 
J. H. de Graeve (Fig. 8). His findings compare very closely with those in the 628 men 
examined by Robertson. 

Some work has also been carried out on subjects with refractive errors which can be 
completely or partially overcome without the aid of glasses, and on those who have 
varying degrees of eso- or exophoria. These findings differ from those of Robertson. 

Up to the present, it has been found that, excluding the progressive deterioration of 
increasing age, hypermetropes are slower than emmetropes (in the far to near test) (Fig. 9) 
and that the trend of those with an esophoria of 3 pupil diameters and over is in the reverse 
direction (Fig. 10). 

The apparatus is to be taken up in a Shackleton aircraft of the R.A.F. in the near 
future to assess the effect of long operational flights in modern machines upon the speed 
of perception. It will also be used in the decompression chamber when the effects of 
anoxia at different altitudes will be investigated. 


Discussion 

The practical importance of such measurements lies in the physiological make-up 
of man. The rate of nerve and muscle conduction and the chain reactions which 
take place at the lower perceptual levels cannot, in the main, be increased by practice. 

In mechanical function, however, the 20th century has seen the birth, growth, 
and mounting performance of mechanisms, the speed of which has already out- 
distanced that of sound. Although the perception time (using the term in its 
broadest sense) varies considerably in different individuals, it is chiefly at the 
higher levels of recognition and discrimination that this occurs. This time can be 
reduced by practice, as was demonstrated in aircraft recognition during the recent 
war, but cannot, it seems, keep pace with modern requirements. To what extent 
can physiological and perceptual processes continue to direct the velocity of modern 
machines, particularly at the speed of supersonic flight? To-day this question is 
more than academic, and it is hoped that the R.A.F. Perception Tachometer will 
be able to furnish practical data on present problems. 

In individual and national conflicts, from the time of Hannibal to the desert 
battles of Wavell and Rommel, speed has been an important factor. To human 
minds the lure of speed is magnetic. Each age has its Atalanta, variously disguised. 
Adventurous men still accept her challenge, though the price of failure is too often 
the same as in ancient days. Undeterred by the fate of former suitors, they will 
maintain that with the apple of their creative minds they can, like Hippomenes, 
snatch the victory—at least in their time. An apparatus of this type may perhaps 
help to assess their chances of success. 


I wish to record my thanks to Sqn. Off. Gwilt and to those officers already mentioned, without 
whose help the work outlined above could not have been completed. 
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VENOUS PRESSURE AND OCULAR TENSION* 
DATA CONCERNING THE DIURNAL VARIATION 
OF OCULAR TENSION 


BY 


PAUL WEINSTEIN AND JOSEPH FORGACS 
Budapest, Hungary 


ATTENTION was first called to the diurnal changes of ocular tension by Mas- 
lenikow (1904). The aetiology of this physiological phenomenon is contro- 
versial. Kd6llner (1918) associated it with the arterial system, assuming that 
a sudden rise or fall in blood-pressure causes a corresponding change in 
ocular tension, But the diurnal variation of ocular tension cannot be related 
to blood-pressure, because the former is highest in the morning when the 
latter is lowest. Thomassen and others (1950) stated that a variation in the 
pressure in the episcleral veins precedes the diurnal variation of the ocular 
tension. Weinstein (1950, 1951) has demonstrated that pressure on the 
jugular vein holds up the circulation within the aqueous veins. 

At the Ophthalmic Department of the Szabolcs State Hospital, Budapest, 
we have investigated a possible co-ordination of the general venous pressure 
and the diurnal variation of the ocular tension, determining the former by 
the method of Groak (1938) on the cubital vein (normally up to 15 cm. water). 
Ciotola (1936a, b) and Benstein (1950), state that the pressure in the cubital 
vein is increased in cases of congestive glaucoma, but we were unable to 
confirm this statement by single 
determinations of the venous pres- 
sure. The existence of diurnal 
changes in the venous pressure 
is well established by Génczy and 
others (1930), Burch (1950), and 
Benstein (1950). The difference 
may amount to several centimetres 
of water, the pressure generally 
/-—_———_—— being lower in the morning than 
at any other time of the day 
‘ous Suc ow US ~CUSCUS CC(Fig. 1). Our own investigation 

Fic. 1.—Venous pressure in thirty normal revealed that the Process of filling 

cases. Heavy line shows average. up an aqueous vein is concom- 

itant with a variation in the 
pressure within the cubital vein (Fig. 2, opposite). According to Thomassen 
and others (1950), variations in the aqueous vein pressure reflect corres- 
ponding changes in ocular tension. 
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VENOUS PRESSURE AND OCULAR TENSION 










Fic. 2.—(a) Aque- 
ous vein full of 
aqueous, general 
venous pressure 2.5 
ml. H,O. 


(6b) Same vein full 
of blood, general 
venous pressure 4.5 
ml. H,O. 


(c) Same vein lam- 
inated, general 
venous pressure 3.0 
ml. H,O. 





















(a) (b) (c) 


On this point, we did not find, in every case, a close relation between the 
filling of the episcleral veins and the general venous pressure. According to 
the recent investigations of Fritz (1951), the local tonicity of the precapillary 
arterioles significantly affects the ocular tension, and our own experiments 
were based on this assumption. Former investigators (Mészaros and Toth, 
1933; Weinstein, 1950, 1951), have shown that reactive hyperaemia of 
dermal capillaries following the removal of a tourniquet from the finger is 
considerably delayed in glaucomatous patients. The present investigation 
disclosed that the hyperaemia of the dermal capillaries of the finger of 
normal individuals likewise shows 
diurnal changes, but without a 


set pattern. 
It is the opinion of Benstein pt 


(1950) that, whereas venous pres- 
sure is lowest in the morning in 
normal persons, it is highest at 
that time in sufferers from con- 
gestive glaucoma: i.e. that the 
rhythm is inverted in such cases. 
Our own observations suggest the 
same conclusion (Fig. 3). 

These facts indicate that varia- 
tions in the ocular tension are 
related to pressure changes in the gee ee 
intra-ocular capillaries and veins, bane etacatiby 
which according to recent data ag pth croc gg * big 
(Duke-Elder, 1952; Magitot, shows average. 
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1952; Weinstein, 1951), are subject to the influence of the central nervous 
system. If the increase of the arterial and venous pressure is concomitant 
with the filling of the intraocular capillaries, the ocular tension is further 
increased. 


Summary 


The pressure of the cubital vein demonstrates a characteristic diurnal 
variation (being generally lower in the morning), which is concomitant in 
the majority of cases with the filling of the episcleral aqueous veins. In cases 
of glaucoma the venous pressure is higher in the morning. 

Reactive hyperaemia of the dermal capillaries of the fingers changes during 
the day, and this change suggests a corresponding change in the intra-ocular 
capillaries. 

These diurnal changes of rhythm are controlled by the central nervous 
system. 
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BOOK REVIEWS 


Clinical Neurology. By FRANK A. ELLIOTT, BRODIE HuGHEs, and J. W. ALDREN 
TURNER. 1952. Pp. 751, 8 plates, 22 figs. Cassell and Co., London. (42s.). 


This is a useful and well written short text-book of neurology in which the many neuro- 
logical conditions which are of interest to ophthalmologists are adequately discussed. 
The book is short, concise and clearly written and will be a useful addition to an 
ophthalmological library. 


Office Management of Ocular Diseases. By WILLIAM F. HuGues. 1953. Pp. 452, 
120 figs. The Year Book Publishers, Inc., Chicago; Interscience Publishers, 
London. (70s.). 


Under the title of ‘‘ Office Management” most questions of ophthalmic diagnosis 
and treatment are included within the pages of this book, major surgical procedures 
excepted. It is thus essentially a small text-book of ophthalmology, describing clearly 
and concisely the clinical practice of the specialty in a concise and very readable 
manner. Its author has written it as a guide to the practising ophthalmologist, who 
may not have the time or inclination to keep abreast of periodic literature, and for such 
a purpose it is eminently suitable. 


Gifford’s Textbook of Ophthalmology. 5th edition, edited by F. H. ApLeR. 1953. 
Pp. x + 488, 281 figs, 26 col. plates. Index. Saunders, Philadelphia and London. 
(37s. 6d.). 


The fifth edition of this well-known work has been revised, so that, with the needs of 
the student and general practitioner in mind, increased space and emphasis are devoted 
to the ocular manifestations of general diseases, particularly hypertension, diabetes, and 
diseases of the central nervous system. At the same time those conditions affecting only— 
or primarily—the globe and its adnexa are fully and adequately described and discussed ; 
indeed, reference is made to certain conditions ignorance of which in any other than a 
consultant ophthalmologist might be considered venial. The book is admirably produced, 
illustrated, and indexed; the lack of references might be found a drawback by the advanced 
student, but the undergraduate, the aspirant for lower ophthalmic diplomas, and the 
general practitioner will find that it most adequately meets their needs. 


NOTES 


FACULTY OF OPHTHALMOLOGISTS 
OFFICERS, 1953-54 


At the Council meeting on May 8, 1953, the following officers were elected: 


President - - - - Mr. J. H. Doggart 
Immediate Past President - Mr. O.M. Duthie 

Vice-Presidents - - Mr.R.C. Davenport, Dr. John Marshall 
Honorary Secretary - - 

Honorary Treasurer - - 


Mr. E. F. King 
Mr. E. G. Mackie 











NOTES 


LEAGUE AGAINST TRACHOMA 
CHAUVIN-BLACHE BURSARY 


IN 1954 the League against Trachoma will award for the second time a Bursary amounting 
to 200.000 fr. to a candidate appointed by competition under proper qualifications, which 
will enable him to keep a 3 months term in one or two of the French Schools of Tracho- 
matology in North Africa. (Algiers, Prof. Toulant; Rabat-Salé, Dr. Pagés; Tunis, 
Dr. Roger Nataf). 

The holder of the Bursary will be appointed at the General Meeting of the League against 
Trachoma which is to be held in Paris during the 1954 Congress of the Société francaise 
d’Ophtalmologie. Full details may be had from the Secretary General, Dr. Jean Sédan, 
94, Rue Sylvabelle, Marseilles, France. 


XVIII INTERNATIONAL CONGRESS OF OTO-NEURO-OPHTHALMOLOGY, 1953 


Tuis Congress, an announcement of which appeared in the February issue of this Journal, 
has been postponed indefinitely. 


HONOURS 


Mr. L. H. Savin, M.D., M.S., F.R.C.S., has been elected a Fellow of King’s College, 
University of London. 


CORRIGENDUM 


It is regretted that in the article entitled ‘‘ Experiences with the Lindner-Guist Operation ” by 
Mr. A. Lister, which appeared in the British Journal of Ophthalmology, 1953, 37, 305, Figures 
6, 7, 8, and 9 on p. 309 were incorrectly numbered. 


For Fig. 6, Case 4, read Fig. 8, Case’5. 
For Fig. 7, Case 4, read Fig. 9, Case 5. 
For Fig. 8a, Case 5, read Fig. 6a, Case 4. 
For Fig. 8b, Case 5, read Fig. 6b, Case 4. 
For Fig. 9, Case 5, read Fig. 7, Case 4. 














